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AFIT RESEARCH ASSESSMENT

The purpose of this questionnaire ts to ascertain the value and/or contribution of research
sccamplished by students or faculty of the Air Force Institute of Technology (AU). It would be
greatly apprectated if you would complete the following questionnaire and return it to:

AFIT/NR
Wright-Patterson AFB OW 45433

\
RESEARCH TITLE: A New Approach To The Measurement Of Educational Qutcomes for

Institutions Of Hiqh learning

AUTHOR : Bruce Parley Christensen
RESEARCH ASSESSMENT QUESTIONS:
1. Did this research contribute to & current Afr Force project?

{) & VYES () b. M

2. Do you belfeve this research topic 1s significant enough that 1t would have been researched
(or contracted) by your organization or another agency {f AFIT had not?

() o YES () b N0

3. The benefits of AFIT research can often be expressed by the equivalent value that your
agency schieved/received by virtye of AFIT performing the research. C(an you estimate what this
research would have cost 1f 1t had been asccamplished under contract or if it had been done in-house
tn terms of manpower and/or dollers?

() a. MAN-YEARS () b 8

4. Often it ts not possidle to attach equivalent dollar values to research, although the
results of the research may, in fact, be important. Whether or not you were able to estadlish an
equivalent value for this research (3. above), what is your estimate of its significance?

() a. HIGHLY { ) b. SIGNIFICANT () c. SLIGHTLY () d. OF NO
SIGNIF JCANT SIGNIFICANT SIGNIF ICANCE
S. AFIT welcomes any further comments you may have on the above questions, or any additional

detatls concerning the current application, future potential, or other value of this research. i
Plesse use the bottam part of this questionnaire for your statement(s). '

L S pilg —POSITION.

ORCRRTIATION TOCKTION
STATEMENT(3):
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\ ABSTRACT

A

\‘There currently exists an extensive literature on the economics of
> Ao/

education. Part of that literature addresses®the use of educationsl
praduction functions for the measurement of educational output. Most of
that literature has been Jdirected at elementsry and secondary education
with only a small part directed at the university level. The dominant
critique of all these works but particularly those accomplished for
1astitutions of higher learning deals with the secasurement of outputs.

Most critics agree that educational output 1s asulti-product and yet

nearly all developed models treat the vutput ss a single product

functina. This fissertsticon thotoughl, exsmines extsting literature, :
:Z"develops appropriate joint product theory, and applies the theory to the
scasurement of output at universities. The outputs selected for :
measuresent are finishers and dropouts, although the value of dropouts 1
to society is not precisely known. These outputs have the effect of
creating & study on attrition and its determinants for universities.

The sethodology selected to develop the models which ia turn test the

hypothesis that joiat products of fiaishers and dropouts is a valid,

f worthwhile output messurement 1s that of linear subjective econometrics.
" One ioteresting facet of subjective econometrics is the development of
prior opinions through oltcttnttoe, This was ﬂcé;;;iilhodauling o-
pinions of 'experts;’' those who have experience with admission processes

and implicitly the attrition of studeats. The imstitutioa selected for

study is the Air Force Academy. Three general classes of inputs were




pJl
)

described vith scale of admissions having a significant role in the rate
of attrxtxon.\\interxng Class characteristics were glso of statistical
importance in that admissions policies which adeit classes vith in-
creased academic achievement levels while at the ssme time have the
class be & more homogeneous unit are policies which theoretically will
1ncresse attr:t.on. The third groap of inputs, institutional charac-
teristics, exhibited mixed results. JThe ®ajor contributions of this
dissertation are: (1) the appropriste use of joint products in measur~
ing educational outcomes, (2) the methodology of Bayesian econometrics
1o educational productiong and (1) the integration of educational pro-
duction function lxteratd?l'u\th that of attrition; i1.e., the use of

dropouts as an explicit output of universities.
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CHAPTER I
UNIVERS oY ATTRITION- -RACKGROUND

nteoductyon

Loty hagher education o taced with 4 atuation where only W0-50
perveent ot oan enteving treshman class at the umversaty wall graduaste
from that universaty itoaddition, the average length ot time to reach
gradustion has extended well bevond the previous standard of tour vears
Betaeen 5 and i percent ot coterning students never complete thes

1

Jecred depree goad When transposang this attrition into costs amd
the yalue Uoosaogety ot the untinsshed produot, o sizeable resource
Al aticn problem exants at the university o college level ot aca-
femy g

in the tnated States as b 1966, over 6 percent of the annual
g1ons natienal product (GNP wasn berny spent on tormal education.”
Andetsen CIIRT D po WS ) andicates that well wver 2 percent of the GNP was
beang spent on higher education an 966 By 1975, over Bo billion
dedtars of nstiongl resources (pearly b peroent of GNP) were being

-
expruded ot the college ot utmiversity equivalent level ., That equated
te 510,191 annually per student. The latest datsa published by Andersen
I981) tor 1979 show the tread slowing but thea projects further in-
creases an both percent of GNP and cost per college student tor the
rarly 1980s. It calculated on a cost per graduate basis, the annual
4

university costs reach even higher Jevels. Because these costs (per

student or per graduate) are so high, the study uof the economics of




education 1s essential to etfrcrent allacation of national resources
in particalar the concern here 1o for those casts which apply to at-
tiition The value to wociety of the untinished product 1o lett tor
fater tesearch.

Thin dissertation eftort examines sttrition cont 4t 4 universaity an
the context ot a praductvon tunction A production fumityon tor a4 tirm
“howe the relationshap between anputs (those ot the firm as well an raw
matetralsy and ontpute An educational production tanction shows the
retationchip hetween anstatutional and student anputs and 4 measure ot
institutional cutput K “In setting school policy and an long-range
educational planning, knowledge ot the educational production fuaction
15 esvential to ettiorent pesource allocation” (Bowles, 1970, p. 12).
The concept ot o multi-product output tor snstitutions ot higher edu-
cation as the output relates to graduates and nongradudtes 1s tested.
ice # student g gdmitted to o umiversity and begans sttending, that
student can erther praduate (G ot not graduate (N) . Because the
tactors used au producing G oare also used an producing N, the two
products are techmivally related and the production law must be con-
sidered samultanecously tor all products - 4 joaint product production
process (hrasch, 1965, p. l69).

This dissertation treats the 1nstruction portion of 4 university's
output as a joint product process in the development of an educational
production function tor institutivns of higher learning. Such a pro-
duction function highlights 1nformation pertaining to attrition at

uggiversities.
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Overview

The 1emainder ot Chapter | outlines one specific university which
has rxpressed concern with the attrition problem. A second data set s
alse braetly describhed.  The second study 1s ancluded, not necessarily
A% a4 basis tar comparison, (1t as nearly ampossible to examine two
‘samilar’ entities waithout making 4 comparison), but to give a broader
base for the testing of theories set forth herean.  The Chapter also
explores a brieft history of the economics of education and presents 4
summary of the methodology used an thas study.  Chapter Il 1s 3 review
of the literature as 1t pertains to the educational production fundction
approach to the economics of education. It i1ncludes a review of the
I1terature pertaining to attrition at umiverssties. Chapter [l con-
tains a detailed explanation of the theory, models, and hypotheses
proposed. The data descriptions and analyses are found 1n Chapter IV,
with the conclusions, susmary, and recommendat:ions of this dissertation

in Chapter V.

Specitic Preblem

One umiversity which has shown concern tor the problem of attrition
15 the United States Air Force Academy (USAFA).b The USAFA difters
somewhat from the typical umiversitly .n that ats specific purpuse 1s to
educate and prepare career otticers tor the United States Air Force.

This mission 1s accomplished through a four-year program

of academic studies, leadership and military training, physi-

cal education and athletics. Completion ot the curriculum

entitles the cadet to graduaste with a Regular Air Force com-

mission and a Bachelor of Science degree in one of 23 difter-

ent academic majors.’

Because of this unique mission, the USAFA can be likeued to a small

private university which differs from the larger state operated

!
<j




upiversities o attnition rates and dropping-out of students B bven
theugh attraityon tates are geperally lower at small private ansti-

tut oo, attritaion can ~till he o problem an resource gllocation as
previoasiy andicated. In his baok Human Capital, Gary Becker (1964, p.
Gt qndicates that he found the anternal rate of return, the return te
the dropout, to he wome tour poants below the rate ot relurn tar onllege

graduates and tar coough befow ten (100 percent (rate of returanl to

ruggest that weme college, o o0 the untinished product ) s a relativels

u
unpretitable anvestment Thetetore, attiition becomes even more of

problem gt the LHAFA when one considers the uncertasn value to society
of the untinyshed preduct and the fact that taxpayers support that
tnstitule.

The source of tunding tor the USARA vauses concern for attrition at
all devels ot TSAFA management An antormally stated goal ot the Acade-
myois U graduate 1 000 cadets cach year with 70 of those graduates
beang medioalis and physaically qualitied to enter USAF pilot trarning
program. M lurtrally one might conclude that this poses no special
problems . By samply admitting more students, (increasing scale ot
operations) or lowering graduation requirements, these goals could he
satistried.  However, the USAFA operates under two additional constraints
which make the attratiopn problem Joom large.  The tirst as the Lhimited
tacility constrasints at the Academy. Cadet Jormitories contain 2,160
Cadet ruu-s.lz The second 15 o limtation mposed by law.  In 1964,
Congress author zed a cadet wing streagth of 4,417 students as of |
October of each yrar.n Assuming a uniform attritijon rate tor each
tlass over all four years of cadets’ academy experience, Table | re-

flects the hypothetically possible attrition numbers and percentages




"
Table J--Hyvpothetyeal, Inatorm Attritaon of THARA
tadets Whaile Meeting tonstraint,
Year ot school
i . j . TolAlL
bepvnn . oy Moo Stadent 11e. | 1OK § 1] el
Attritron Samben . 8 w. 1 le.”
Mty tior Rate 6y v (S e D%
Frading Moo Student s ilten [ XV Tl 1000
Attiation Rate Per o lans (e Tl b 3%

whooie Ul meetyng the goal ot 1,000 graduates

Pabde o comtrasts Table T oan the time an which students drop trom
b d o and seames all sttt tion occurs doraing o oat the end of the
ot ey Lt v byvgons that under such crroumstances, the maximum

sttt rate condd be hagher while 2t mecting the goal ot 1,000

Ktaduaten A thaed alternatave o to have ol deoponte oocur furing o
A1 the end ot the et veat Such oo case wauld provide the mioimum

possable attiation rates lable 4 deprcts that hyvpothetical ponaabifa-
ty 1t s rather tnturtave that the third alternative v not desirable

tor reduciag costs per graduate because ot high costs Tavolved 1o carry-
g students for four years and then losiag them. It s as equally
obhvious that the adeal crrtvumstances depicted an Table 2 Jdo not and
cannot exist an g college environment . Hence, the sttrition problem
tacing the USSFA and any other universaity which 1s concerned with

keeping o larger proportion ot beginning treshmen through to graduation.




lable

beginning
Attration
Attritaen
bunding N

Attratyon

Table

Beginning
Attrition

Attrition

Ending No.

Attrition

Se-Hypothetacal, ALL Attrnition During Farst Year tor USARA
Cadets While Merting Constraints

l
Neo Students: 1417
Number ali/
Kate 29 L%
Students 1000
Kate Per (lass (47

Yrar ot School

K ! 4
1000 1000 1000

0 0 0
1000 1000 1600

1al7y 29.4%

TOTAL
4,617

417

i=-Hypothetioal, ALl Attrition Duraing Fourth Year tor USAFA
Cadets While Meeting Constraints

1
Noe o Students . 110
Nambrer {
Kate: -
Students: 1104
Kate Per Class: (104

Year ot School

K ! 4
11ué 1104 1104
0 0 104
- - wuy
1104 1104 1000

1104) 9.4%

ToTAL

4,410

104
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Second Data Set
The second source of data examined comes trom the Laiversity of
Ltah, two-vear Master of Busainess Admimistration (VofU MBA) program. [t
1 well to re-emphasize that this second study 1s not accomplished to,
the primary purpose of comparison with the tirst study but rather to
provide additional descriptave anformation regardang attration from

higher education.

Bavkground nn the Loonomics of Rducation

The economics of education as 4 subject of anterest was virtually
non-existent until approximately the mid 19&03.1& Since then the inter-
cest has grown at an almost exponential rate, until today there are well
Sver 2000 pieces of literature on the suh]rct<lﬁ These data are only
used to show the interest an this topic.  This author predicts that as
education cests continue to limb the resource expenditure ladder more
and mare will he added to the expanding list of references.

bven though this list of literature 16 relatively long and stall
growing ., the approeaches used Lo study the topre vary considerably. One
such approach, a theory on the economics of education, s the "Human
Capital Theory.” The hasic premise of Human Capital Theory 1s that
variations 1n labor income are due, in part at least, to daftferences 1n
labor quality 1n terms of the amount of human capital acquired by the
workrrs.lb There have been some variations and many critiques published
abuut Human Capital and the variations espoused by various suthors,
(Cohn, 1979, pp. 27-59) but the bas:c 1dea as originally put torth can
be depicted by Faigure 1.

A second approach, a methodology which 18 widely used 1n all areas
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Investment Increased Higher
in
Lducathron Productavaty Farnings
Figure 1 Human Capital Theory

ot ecenemicon, is CtosteRenetat Analysis " This method of studying
education emplovs the stady of 4l costa and benetits associated with
education then varioun criteris are applied and the most favorable
diternative of those under study s selected. Ot the three criteria
most trequentiy used an tost=HBeonetit Analysis, Net Present Value Rule
INFV ., Internal Kate of Ketuin Kule ¢TROK), and Beneti1t-Coust Ratio Rule
(HJ.R'.I‘ [ROK 1% used yn the magority of stadies.  As with the Human
Capatal Theary, there have been numerous studies on the economics ot
cducation using cost-benefit gnalvsrs techniques . The proneering
etforts tor Cost=-Henet1t Analveas ot education belong to Houthhakket
1199490, H.P. Miller 119005, 8 Kecker (1o0 ) 1H06) and Hansen (1963)
tCohn, 1979, ¢ 114,

A thitd method tor studving the economics of education 1s the
cducational ot manpower planming approach has approach promotes
productivity 1n a society by matihing expected Jemand for skills with
the supply of those skills. The marn purpose ot this method 1s to
torecast manpower needs by skill categories and then transtorm those
tequirements 1nto educationsal requirements (Cohn, 1979, p. 316). Here
too, there are several different torms of educational planning. Parnes
(1962), Eckaus (1904), and Bacchus (1968) have all used the "Manpower

Requirements’ approach. One called "Social Demand” was used and

PO Qe




ety

cudersed by the kobbans committee on Higher Fducatoon (1964) fhio ap-
progrh was never ftormally endorsed gn the tnated Statee The "Kate ot

heturn™ approach unes the net present value of tuture tncome St reams, too

catteuns cducatvonal programs Thooe programs having o positive net
proesent value gre ctamabated by educational planning suthorit e Blauy
Pl T preters w svnthers ol three planning approasches ) Manpowet

ke quatements . Soovad Demand, and hate ot Ketura
Ancther awreg deabing with the ctudy ot the cconemics ot educat on

the pelytyonship betwern oo memie growth and educat ton [he farst
certieus attempt o guantaty the contiabutaion of education to economis
prowth was dopne by Schultys (1901 where he conc luded that 36 ta 70
prroent ot the ancrease oo labor dncome (hetween 1909 and 195 7)) wau
ttatutable to the ancreane o educat tonsd stock cCake, 19790 po 149
Perhape the mest complete angdvsan ot the educational contorbution to
coonoms o prewth wan gccampliched by Dennson c16 0 19na . 1an 0 1 a0
Heowvons cade that education contnabated approximately S0 6 peroent to
the rate -t per cgpita nationgal cncome growth between 1929 and 19649
feohn, B9 p Ty 'lllh-'x:‘ who have cesearched this portion of the
coopomye s ot eduoation anclude Sefowsky (19690 Correa (1970), Razin
clS S Beacharopoules v 75 0 Delaplbaine and Hol lander 1970y, Fure-
stone 1968, Gradaches V197000 and Machlup (1970, 1975)

Another major method tor studying the economics ot education s
through the use of the edutational production tunction.  The preponder-
ance of the discussion on educational production tunctions s reserved
for Chapter 1] nly an amount sutficient to explain the methodology ot

this paper as preseated here.

4
4
i
3
3




10
Methododogy

Mot ot the weark which has been Jone regarding educational pros

oot on tanctaens han bheen directed Gt eather elementary o1 secomdary
e at von paecesses (Coh, 19790 ppl 1 Ta-RT) Very few work. have
sppeated oo hagher educateon e of the majyes crataigque . ot teaditaional
edcatyonad production tunctrans 1 the measurement ot output Re o anae
cducationgd o anstitutaons are multisproduct o an o nature . oulput measures

whio

Aattempt o detine the tot i cutput with cne cutput measurement
I&

tad)l bt ot reataty Such prodductran tanctions o not g curatel]y

peortray the catput ot the edacat ional process

fnthe umiver<aty educat tonal process, the tradationgl mission 1

threeto Chy e prenade anntruction, oS0 o de research, and H)

o ate cmmunty o wears e asmen kb and Toepter, 1090 Even withaio

each ot these massaons there exan e w multaplicity of outputs tor g

HLIVerL Ity Thi wtady examines cndv g portion of the anstruction
Wit ot g utaversaty uning the maltiple product output approach.  lhe
tw meacutes ot output are gradustes and nongraduates . Fagure D odepiots

the univeryaty production process as envistoned herein,

A analopy that can be uned to dllustrate the desired meaning of

Pagure o oan that o f 0 chansmaker. For samplicity, assume the only raw
material 1nput to be woud, The output will be w ombinati1on ot tinished
thates and untiniched (o1 defectave) chatrs. The wood s used to pro-

Juce both products Josntly; from 4 given quantitly ot wood, both products
tesalt These products are technically connected or this s a multy-
ware produttion process.  Under such crrcumstances, the production

pro. sy must be considered simultaneously as o set ot production

functiuns.  However, 1t the products are linked together or pertectly
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coupled an such o wav that the quantity of one product 1s 4 given
tunetion of another product, then the total output of both products 1s
determined ymplicatly by the quantities of the factors, and the simul-
tanecus svstem of produrtion tunitrons s not requared (Frasch, 1965,
pp L0-11 Such 1s the case throughout this study.  Just as the chair-
maker knows that, given a certain gquantity of wood, 1t X number of
tinished chairs are produced then Y of unfinished chaivs will also
tesult, o a umiversity takes o4 certain number of students, 1f N do
not graduate then G will| For a difterent number ot students a differ-
ent mix ot N oand G may occur Therefore, the multaiple output as an-
dexed, say by some function ot the ratio of N6, 18 a function ot the
number of students admitted (scale) and several other tactors, 1ncluding
quality of 1nput and some process 1uputs, which are defined as 1ndividu-
al variables later 1n the model definition (see Chapter [11).

The approach used herein 15 macro 1n the sense that the study does
not <enter upon the characterintics ot i1ndividual students or the micro
decision prucess a universily may employ, but rather upon class charac-
teristics. The university problems 15 similar to that of a large auto-
wobile producer vhere the Eanvironmental Protection Ageacy directs that

the fleet of automobiles produced must meet certain minimus standards.
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Anyv o vwne car produced may tall wav short of the desired standard but the
tiret voveral]l must meet that standard.  Similarly, any one student may
net meet the desared entiance standards but the universaty goal as for
the group, not the andavaidual This s especially important 1n that
therte cutrently exintn no eany method tor o umiversity to determine or
accurately predict from preadminsaon testing, which randividual student
will dyop out ot cotlege (Cope and Haanah, 1975, pp. 106-5, also Beal
atid Neel o 14RO po4) Thus there 1o no assutance that any particular
student will prrsist to graduation It 16 precisely the entering o lass
iharacteristios which must be evaluated 1n determining the proper mix of
students to hent meel the attrition goals ot an anstitution.

fhe Air borce Academy, by viatue of 1ty goal to have 1,000 gradu-
ates per clase and the law restricting the number of students on 30
September ot each vear, indioates g willingness to accept attrition of
trom -3 percent see Tables 1, 00 and 40 T cretore, the character-

intics ot the enteting treshiman lass must be such that the accepted

tetention withdrawal tates can be met. The emphastis s not on each
particuiar ~tudent st entrance. [t as upon the entering class o total,
That 1y where the emphasis ot this stady 1s placed - the mix of students

which best gives the characleristics so that desired retention goals can
be achieved,

The relationship between the 1nputs and outputs 1s defined through
the use ot linear subjective econometrics. In short, subjective econo-
srtrics emphasizes the distribution of the coefficient values, not just
the (vefficient values themselves as 1n classical statigtics. And, the
posterior distributjon of coefficient values ts a weighted linear convex

combination of the maximum likelihood estimator and the prior mean with
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weaghts proportaonal to the precicions ot each. Therefore, maximum
hikebihond ectamators are developed from the data Prior opinions are

. “
cltioated trom Texperts those personnel actively anvolved an the

admyeaone process at the USAFAL The models are wpecaifaed using the
neat cotvex combinations ot appropriate preces of data
it s an accepted fact that attratenn rates vary for each vear an ]
e
L l:r,:r_' “oosepatate models are .h-vrlc.}n‘d to rtetlect the aul put ton
cach devel ot education achieved by the studentn. Theretore, there are
tont separate models ot production tor the USAEA representing treshman, ]
wophomere . qunaor and senior levels ot education In addition, there s
At aggregate model to teflect the output ot the unmiversity tor 4 given
vear, 1o, the total cutpat an terms ot G oand N tor each level af g
class T educ st ion tin thiw voptext, & oreters to successtul completion
et the nohood vear b The Lot MBA daty s presented an terms ot one
ARRICRAY e moede ]
Avsumptions and Limitations

The exact toam which s educational production tunction should take
s not kbown with certsinty

makes any 4 priotr specifacation of form tor the estimation ot

educations] production relationships particularly datticult.

The notion of diminaishing marginal product 1s appealing,

although not well established an the tield ot education. A

tunction linese tn the logarithms ot the variables would seem

somewhal superior, particularly 1n view ot the possability ot

pusitave interactions between inputs. Nevertheless, the

restrictions of the Cobb-Douglas ftunction are severe.
(RBowles, 1970, p. 19}

&
N
The Jearth of knowledge concerning the learning process ‘

Bowles (1970, p. 16) indicates that he prefters the sample linear
additive form. That 15 the torm which the models take 10 this eftort.

Another limitation 1mposed by the structure of the model i1s the 1
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pumber of variables ucluded an the various mode s
I choosaug the appropriate dimensions of anput tor
rxamination, the analyvst 1< engaged n g delicate balancing
act It partaiculay vartables are omitted, the estimated
cttecte ot those tucluded may be bhiased For example,
teacher-te-pupal ratio and teacher quality are positavely
telated and both ot these inpuls are related to student per-
tormance Including e1ther of these measures 1o multiple
tegression analvsis, without andcluding the other, results an
verestimataing the eftect ot the andcluded varvable. O the
Sther tand, ancluding too many separate dimensions may make 3t
impeable tooobtaan relyable estimates of the effect ot any
tothese vartables
[Rowles, 1970, p. 24]
chrsedv o related tao that problem os the number of degrees of
tiredom The tndividual medels’” data base tor the USAFA 1o ludes at
west cnly U7 onets of data poants The degrees of treedom quickly dio-
mintth as more and more varrables are 1acluded 1a the model . Theretore,
the varsables whiich sre andciuded were imited but caretully selected to
test such determinants ot output as scale, nput qualsty, and process
technologs
Another Dimaitataon as an the condlusions drawn trom this study.
bevause U s macro a0 nature and examines the charadteristics ot a
group ol mg with pioup detined justitutional output, interences cannot
be drawn about the corresponding indavidual-level characteristiosn. The
Jd
conclusions must of necessity be Limited to group condlusions. How-
ever, this approach does provide policy value to the tustitutional

decision maker 1n that the analysis attempls to get at the determinants

vt the output mix of N and G.

._,
w
‘i

Susmary
This chapter has outlined the need for continuing esphasis on the
rconomits of education and an extremely brief review of various methods

for studying the subject. The particular methods employed 1n this study




were outhined with detaile of the models, theories, and hypotheses o

follow an Chapter [[1. With the limitations and assumptions
catironal production functiens and the data for this study as
brietly described, a review of the literature as 1t pertains
attrition and educational produ tion functions 1s amperatave

in Chapter 11

of edu-
already
to

and tollows
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CHAPTER I

A REVIEW 0F THE LITERATURE

Introductiaon

Av wan evident o Chapter 1, the problem addiessed an this disser-
tation s that f attrition teom anstitutions ot higher learning and the
Jeterminants -t attoition It wan al<e anhicated there that the edu-
cational production tunctian approach s used bt with the added feature
A treataing cutpat o as o reant production ot graduates and nongraduates.
ihe byt Laterature whach tarms the context for thas problem, tor the
metheoto gy emploved . and tor the cconomics ot educatiaon an general s
Gurte eatensine and whiic 4t relates to all levels ot education the
Magycr tocan s nopoamary and secondary education. The methodology ot
this bateratare o aine very broad an that some studies are extremely
anavtical and quantaitatave 1o nature while others are very descriptive,
Since this dissertation s an the area ot applied economic theory, this
chapter will teview only selected, relevant literature on attrition at
universities and the use of production tunctions in the economics of
education. Theretore, the chapter 1s divided 1nto two major sections
tattration and production functions) with each section being turther
subdivided 1nto areas ot focus tou provide readability and also to pro-
vide taster referencte to specific subtopics 1n which the reader may be
interested.  Selected studies on attrition are included i1n Appendix B
while studies using educational production functjons are 1n Appendix C.

The general impressions one gets from the selected literature on
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Attt ven can he cammarized sn the following statement s Although
studies have been acoomplished at pramary, secondary, and higher ansta-
tutyons, the majer thrust 1o Jirected toward universityes Keasons
students gave tor droppang out of callege are generally saomilar an ecach
ct the studyes pertormed and vet the consensus as that there currently
cxinty ne adequate method tor predictaing which enteriug students will
Arop before praduation Froalty, w0 ta W0 pereent of all freshmen
entering aniversities will never complete o degree goal For the pur-
poses of thas dissertatyon, many ot the detarls of the Diterature are
gnte usetul to o gaan an o understanding of the problem of universaty
attiition Fotr this teason, o rather detarled teview of the attrition
iterature b undertaken

By the same Coken, the getecdal qmpressions one gets trom the se-
cected Diterature on o cducational production functions are: (1) the
martcrity ot ettort aocomplished wan doge at the primary o1 secondary
level ot education, 00 the major problem or critique about these edu-
cationas proeduction functions deals with the messurement of output, and
ti) the pramary output measure used was some torm ot cognitave achieve-
ment an measured by lest resualts The approach used 1 this disser-
tation bortows much in general from this extensive literature and then

extends 1t through the joint product approach to outpul measurement.

Attrition
What 1t 15 and Why Study it
Giviug o series of statistics about any topic without tirst detinu-
ing what 1s being seasured by those statistics would be highly tal-
latious . The meaning of “dropout” or university "sttrition” depends

upoti the context 1o which 1t 15 measured. One extreme 15 to define a
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Jiropout as vme who leaves college for any period of time, regardless of
the rracon, thus not obtaiming the desired degree goal at the <ame time
anv the class with which savd student originally entolled That detr-
tition s ured by Pervan, Reark, and I)Jlrvmplr,[ as well as Varzey

R RURS Still athers amply a definition that only those who drop trom
2
schood and never complete 4 degree gre counted as dropouts Such
detimtion amplies that someone 1equiring a longer period of time to
complete the requited degree goal, whether inordinately longer or pot,
bnonet g repent but s anstead g persister That 1s the case an
Kowaiskr (39773 as stated g the title, The Impact of College on Per-
sisting and Nonperaistaing Stoadents tme author even goes to the other
extieme o hitterentiatiog between “successtul” students, “readmitted”
i .

students, and “dropouts 7 Not o all authors or researchers thraok that

“
w Yy

The cnds way to be completely clegr when presentiug such stataistios
iv o detine precasely what ir meant with each stataistic ottered
theret ore, an the sectin on attnition statistics which as subsequently
presented, precane detainitions are prottered to erase any doubt about
thesr meaning and magnitude

Now a1t g known that attrition can be detined to surt the particu-
lar authar, why 1s 3t 3 topic of sutticient jmportance to study”  The
maitt reanon s due to the costs ot erducation already mentioned 1n
Chapter | For those students who are admitted to o umiversity but drop
outl and never carn degrees, the cost to the 1ndividual, the umiversaity,

9

and to society 18 high--both 1n sonetary and nonmonetary terms. The

nonmonetary terms are probably as 1mportant as the monetary ones. An

exasple from Lawrente S. Kubie i1llustrates this point.




When A uses up a p
school and then tails o
that discipline not one
titioners:  1.e., himse
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lace 10 a medical schonol or engineering
v voluntarily drops out, A has lost

but two possible scholars or prac-

l1f and B, who would have been there 1n

A's place 1t A had not been there, and B might not have become

a dropout

Thewe socr1al costs cannot he

When a stuient lea

|Kubier, 1966, pp. 26-7)
evaluated 1n monetary terms.

ves «ollege before graduating, he

eviokes a variety of responses from the social miliecu, trom has

college, from his paren
may to some degrec be a
otten <trongly colored
individual 's deviation
tutionalaized value syst
ot present knowledge,
conclusively to what ex
level or otherwise, 1%
emotionalism when 1t lo
however, hints that the
referred to oas s draan
te represent wasted tal

bqually as a1mportant an
by Cope and Haunah (1975, p
ministrators take o we-would
data, and thus the extent of
{raough evidence has already
reduced attrition rate would
resources ) attrit on studie
problem. Other potential us
models that will allow the p

and of the nusber of student

ts, and trom himself. These responses
ppropriate and reasonable, but they are
by the kind of emotional excess that an
from some widely accepted and 1nsta-
em 18 apt to evoke, . . . In the state
t s of course difficult to demonstrate
tent society, whether at the national
guilty of premature judgements and
oks at the college dropout. There are,
guilt 1s there. The dropout 1s often
on national resources. He 1s presumed
ent | .
{Pervin, et al., 1966, pp. 9-10]

the 'why study' categoury 1s the allegation
5) that most universaty faculty and ad-
~rather-not-know attitude toward withdrawal
the problem. So, 1f 1t 1s a problem
been ci1ted to at least substantiate that a
treate a more favorable allocation of
s can be used to highlight awareness of the
es of such studies 1nclude "the building of
redaiction ot which students will drop out

s wvho will drop out . "® And, of course, to

determine from the studies what, 1 f anything, can be done to lower the

existing attrition rates.
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Matistae
Mot authors writing oo attrataon conclade that the Jrapout rates

vary trem o college to callege and anywhere from 11-50 percent ot an
ruteraing treshman clacs will graduate from the university where they
started s o vears ’ Kowalsks 11977, p. 4) narrows the jange (on-
cpterabiy by aving the tollowing. 0Ot every 100 students entering the

cleges and umiversitaes an the taated States, approxamately forty willi
compicte 4 bachelor "o degree within tour vears, another twenty will
Rraduste an wuccerding vears, and approxamately torty wall not graduate

4t aad Hiv condlusaon as supported by the tindings of Laved, Pervin,

b
and ittert Hiw tandings are alno an bhane wath the study by Jex on the

Clase ot iiha fex el g Baonagrd that 39 4% of the Class, tor al)
pubive and provate dnstitutaions an the Fnites States, graduated on
sohedale . 0o 0 oy vears atter beginnang sohool When accountang tor
pubis anntitutions cnly, the completion tate dropped to only 343 tor
the lare ot 190

Ubvaiounty there are some pravale institations which have completion
tates sagmiticantly higher than 40% to he able to raise the average to
that peint 1t the umiversataes studaed by Kowalskas (1977, po ),
Princeton Lniversity had the smallest sttoition rate, only JO%, or a

sutcrsntul tour-yesr completion rate of KOY.

Keasons tor Attration
The next logical question to be answered once the attrition sta-
tisticn have been haghlighted, 15 “"why do students drop out ot a uni-
versity”’” It attrition rates are to be changed to any degree, 1t s

imperative that a knowledge of reasons for dropping out be known.




Fven though there vo wome commenalaity, the reasons tor otadent

Aattratien can ke s hiverse aw the students who drop out.
Propent studie that are not Jongatudinal aon deaign

typroadly emphacise the explanations provided by studente ton
roppank ot oo avcept such post hoo anterpretations at facse
Vasue oo et panable practaee, consadering the complezaty
<t the drepont phenomenon and the natural tendency tor persone
te tationalize behavaior which might be regarded by atheos g

exvgddenoe ) tarnlure

[ACt i, 1905, o la
I

Mewvve ., didterences between autbor as Lo cannes ot attiygataron o

et Fut even then, common reanonn emet e vne reanon o readily oagreed
A by et gutte o and mest trequently mentyoned o fanancial probiems
IRU
ettt e pewon e pnp g adem In twe of the previouns research
) ettt b peat stadents were permitted tooselect o among several o slter-

tatyve s, thooe which they telt contorhated T thear tatlare to peraast
' v o te gyt The tewglte ot the Astan (197 wtady are shown an Table o
wa 'Lt e ot the Tttert i PR wample appearing an Tabte

Vit et twelve reasens e dropping ont whese Tttert had pre-

ity anedd twentyveoge The tap tive reanons are presented an Table o
A bess o comparaon Proancial problems and o genecal boss ot
interest gre the only twe reasons which tanked 1o the top tive ot baoth
sty Hoiwever, the most interesting similarity belween the results
o the twe tesesgrch eftorts s what occurs when the military ressons are
cmitted trom Jftert Now financial and boredom are ranked as numbers

11
two gud one tespectavely tor both authors Invocatton of the ap-

partently athitrary decasion to overlook the military reasons ton

’ ‘ quitting school as based on the tzot that durning the Ittert study, the
z tnated States was actavely 1nvolved an the Korean Contlict and the dratt
laws were 10 full ettect for young men. I addition, when combined with

"‘ the women and using the same weighting procedure previvusly mentioned
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‘ Tahle 4--Astin Study, Reasons toar Cnllege Dropouts
Men wWomen tverall
2 b
who wha
KEASONS ™ Selected  Kank Selected  Kank 1 Rank
horedom with conutnen it 1 A { (9% !
Panancar ittaiulitaes S i 7 g 28 J
Gither peason:n 41 N S o 28 J
Marrtaage, pregasn v,
vt other family
L responsita ity 11 A ] ) 23 4
Fovr grades SR “ 14 7 22 )
frinvatintaction with
requitements ot
teguliation e B S0 B 22 %
Change 1t ocateer goale 19 t Ny 9 19 7
Tnabiiaty e take
desited taurses o
PRy amy 1 h 9 L} 11 )
Goedd ol 10 9 6 10 Y 9
Hiness or acoardent ; 1] / 9 7 10
Mitticulty commuting ) 11 ) 1 } 11
Disciplinary troublen N 12 2 12 2 12
“Lach dropout was given the opportunity to select a maximum of three
1easons from the list ot twelve. Hence the total percent being greates
than 100%. lutormation tor this table extracted from Astin (1975,
p. 14).




Table S--[tfert Study, Reasons for College Dropouts

A
Reason
Illness (self)

[1lness (tamly)
Financial (selt)
Financial (family)
College toa difficult
Needed at home
Maratal diffaicultaes
Full-time job
Lonesowe and unhappy
Marriage

Too long to commute
f.ow grades

Military (drafted)
Military (ealisted)
Lost 1nterest
Academic disminsal
Academi¢ probation

Other probation

Percent ﬁitxng

the Reason to

be of Some

Importance
Hen Women
7.2 10.07
R.65 10.07

41.18 16 . 36
29.66 12.26
26.51 19.94
12.59 12.5)
3.62 3.32
2615 37.15
14.69 16.55
10.69  49.20
6.5%% 6.55
40.00 22.92
24.62 0
5. 17 .97
48.00 33.01
18.14 6.90
21.24 10.09
2.00 .44

26
Rank of
Importance
Men  Women

15 l

14 i

2 3

6 A

10 8

12 10

18 16

7 2

11 9

13 1 ‘
17 15

4 6

9 21

\ 18

3 5

8 13

9 12
20 19

1
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Table 5, cont
Percent Ratang
the Keason to
be of Some Rank of
»
[mportance lmportance
Bl
Keason Men wWomen Men women
ather Jismiasal 206 106 19 17
Mecaplinaty suspension I uh 35 21 20
, ¢
Housing 6.l ER R i6 14
3
Fach dropout student was afforded the apportumity to select multaple
teanons trom the list ot twenty-one.  Then they were to rank them an
order ot amportance.  Intormation tor Table 5 was extracted from [ftert
\lQ')F\, .l.i'v!l‘ AR, 1 DR
b -
These columns are based upon the "mean rating of the level ot im-
partance of the reason for dropoaut”™ by men and women respectively,
)
4
-
P
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Table t--Camparison of Reasons for Quitting School
[tfert Astin
Keasons Men women Men women Dverall
Milatary tenlisted) 1 18 - - -
Martiape 13 1 8 1 ‘s
Pitiatic 1l (neit K § § J K
Puil~tame ob N ) 9 10 ;
Jost anterest thoredom) } B ] } 1
i Wt ade & t “ h )
Malatary (dpatted) Y Sl - - -
¢
Fanancaadl (tamidy t - - - - "
Other teasons - - K 4 K
Sthoeol desnsnat staction - - % 5 i
!
{




tsee note 113, the military reasons fall way out of the top five.
Related to that s the ancreased rate of dropout tollowing the repeal of
the dratt laws as discovered by Tanto (1975, p. 98). His findings
indicate that more students were using higher education as a hedge
against heang Jdrafted.
Compare the combined results of Itfert and Astan wath one of the
conclusive statements by Linto
The characteristicos ot the nstitution--resources, ta-
cihities ) structural arrangements, and composition of 1ts
members--place Limits upon the development and antegration of
individuals wathin the anstatution and that lead to the de-
velopment of academic and socral (limates with which the
individual must come to grips These same characteristics are
also true with respect to the social system of the college
since much dropout appears to result from 4 lack ot congruente
between the individual and the social <limate of the 1nsta-
tuti1on rather than any specitic tarlure on the part of the
indivadual .
[Tiuto, 1975, p. 11}
fwo other authors conclude therr reports by saytaog that academic,
wotaivation, and tinance emerge a:n the most mportant determinants of

1

attratyon

Predicting Who Might Drop out

Given the reasons tor dropeut, 1s a1t possable then to predict with
much accuracy who wall drop out of college’ |t has already been as-
setted and documented in Chapter | that there exists a general 1nability
to predict which students will drop out ot college, especially when
using preadaission lrutnng.li However, there does exi1st some evidence
of certain characteristics which may lead a student to drop out of
school. Attributes (sex, race, and ability), precollege experiences
(hagh school L.P.A., academic and social attainments), and tamily back-

grounds (social status attributes, value climates, and expectational

e

eleas

|
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chimatesd, all have both direct and indirect 1mpacts upon performance in
and subsequent completion of rnlirgr4l

The following conclusions reached by Kowalsk: (1977, p. 77), while
directed to the prediction of individual student success as opposed to
the approach taken here, do nevertheless shed light on some of the
underlying causes of attrition:

1y It as unhikely that a student with academic disabilities and
prisonal pressures will continue his education.

{21 Students who have academic and personl' problems can be 1-
dentitied as potential dropouts

H (3) The education level of the student’'s father 1s highly indica-
tive ot whether the student will persist.

(&) A student who maintains a positive personal relationship with
has advisor and other taculty members positively influences his chances
to remain 1n school.

(") Having a defimite cducational goal 1n mind enhanres per-
sistence possibalities

[tems & and 5 (oincide closely with the Cope and Hannah (1975, p.

102) statement that the most 1mportant factor in a umiversity's holding

gt

puower over particular students 15 the student’'s identification with the

ek

I
A

college.  Students are much more likely to persist 1n a school which
i they have chosen because of 1ts clear 1mage values and the program 1t
offers, 1f the student knows what he or she wants.

The mode] of selective admissions based on test scores
and grades is tnappropriate. Colleges should place more
admissions emphasis on "whole-person” indicators of ac-
complishment (creative writing, a hobby in science, a goal 1u
life, etc.). These students are much more likely to become
outstanding individuals than those with high scores on SATs
and ACTs, which offer virtually no indication of capacity for
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significant antellectual or aesthetac contribution an later
vears
[Cope & Hannah, 1975, pp. 104-5]
The answer to the question which began this section (1s 1t possible
to 1dentaify who will drep out?) as a quatified "no”.  The qualifications
Aare that (ertain studeat characteristicos and student background char-

actrrastics may Jead a student to drop out of a university. As the

Litrrature showed, however, one of the most amportant aspects of 3

PRTSREIES . PSP

university ' holding power over students s the extent of adentification
that ecach particular student has with the umiversity. This would seem
to amply that “holding power” might overtide the characteristics and

this accounts for the uncertainty of prediction.

Attritaon Summary

The statistics trom attrition studies 1ndicate that only 40 to 50

percent of o bheganming freshman lass will graduate 1n tour years trom i

PRRGTER R

the 1nstatution of farst matriculation. Ot every one hundred students
entering a university 1o the United States, approximately forty will
never graduate A good summary of the reasons for attrition, prediction
ot quitters, and the studies performed 15 made by Huber.

. quantitatave ndices are useful 1n a rough sense at
the lower end of the scale for placement purposes and are
quite predictive when one deals with the lowest two deciles an
that there 15 some assurance that these students cannot
function at & satisfactory level considering their present
level of preparation and ability regardless of other factors
of interest, motivation, etc. Bul for students i1n the md and
top ranges the degree of correlation between these data and
actual performance and retention 1s 1nsignificant.  Another
way of expressing 1t 15 that 1n those cases where it 1s clear
that the student can function at a satisfactory level, or even
unquestionably at a superior level, most, in fact, do not so
performs and esther voluntarily or involuntarily leave school.

It does not tollow that increased retention and gradu-
ation and a comparable decrease 1n attrition will result by
increasing the level of prior academic performance for ad-
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mission or complicating the quantitataive appioach to admission .
by way of prior grades and test scores. ’
[Huber, 1971, pp. 20-1]
These condlusions, based primarily upon the studies veferenced an
{ the chapter as well as an Appendix B, support the notion ot a study
which 1« macra an nature.  Such a study 1s one which examines <lass and
institutional characteristics an fieu of studying each andividual
student where an attempt as made to determine whether or not saird

student wall Jdrop from the umiversity.  Such 4 macro study should expose

determinants ot attrition rates.

Fducational Production Functions

l why lavestment”

For the purpases of this dissertation, higher education 1s treated
a5 an nvestment good Chapter | outlined the joiat products as gradu-
ates (G) and nongraduates (N}, As already stated 1o that chapter,

; Hecker (1964, p. 93) suggests that some vollege, retferring to dropouts,
: is 2 relatuvely unprotfitable aavestment . Should education be considered
a consumption good, the output N would have no social value, only value
to the consumer.  [n spite of the requirement that education be an
investment good Lo permit the use of N as one of the joirat products,
evidence supportaive of the tact that education 15 either a consumption
or investment good 13 presented.

; Blaug (1970, p. 17) says that in Keynesian theory, education 1s a
consumption good, not an investment, because i1t 15 pard for by the
household or the government on behalf ot households. The Keynesian
definition 1 dependent upon the behavior of the expenditure units, not
on the nature of the good purchased. Generally consumption means ex-

hausted i1n the present calendar year, investment means using current
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output (o genevdate higher ogutput an the future (Blaug, 1970, p. 18).

Veblen expressed 1t this way.

The quasi-peacable gentleman of leigsure, then, not only
consumes of the staft of life beyond the minimum required for
subsistence and phvsical efficiency, but his consumption also
undergors a specislization as regards the quality of goods
consumed . He consumes freely and of the bhest, . . . In the
process of gradual amelioration which takes place 1n the
artaicles of his consumption, the motive principle and the
proximate aim of 1nnovation ts noe doubt the higher efficiency
of the 1mproved and more elaborate products for personal

comtort and weli-beang. But that does not remain the sole
purpose ot their consumption. The canon of reputability is at
hand and seizesn such 1nnovations as are, according to its
standard, fit to survive. Since the consumption of these more
exieilent goods 1s an evidence of wealth, 1t becomes honor-
11,

[Veblen, 1965, pp. 731-88)

Human Capital Theory challenged these education-as-a-consumption
idreas to make education an anvestment . (See Chapter [.) "Human Capital
1 Lhe present value ot past anvestments in the skills of people, not
the value of people themselves W19 (1t (ourse, all who have written on
the ~conomics of education using the production tunction approach 1n the
interest of broad public policy are treating education as an 1nvestment.

A higher wage for educated labor would retlect an ex ante
belief an the greater productaivity of the worker with more
education tand ex post varification of this) over productivaty

ot the average worker drawn trom the labor pool.

[Fuller, 1982, p. 17}

Fuller (1982, p. 41) further axserts that 1f schooling 1mparts
productavity difterences, the graduates' first full-time job should be
direct]y aftected by the level of education attained.

Comments such as: "Education is productive,” or "lndividuals do
not appear to attend school primarily tor consumption purposes,” and
"Schoo)] attendance appears to be justified by 1ts ability to affect

16

wealth,” ~ should leave absolutely no doubt in the mind of the reader

that the asuthor of thuse statemeats tavors education as an i1nvestasent.




Still others detine the cducational production process in explhicat

terms, an investment process by which snputs (student, teachers’' kunow-

b

ledge and skills, and educational materials) are brought together and
‘ transtormed anto a tanal product--the graduate. 7

Arguments can be dynamically presented to support education as
cither consumptaion or anvestment . What 1t really comes down to 1s an
vdealogical argument based on detinmitions and need of the one presenting
the argument, and detanitions are used in an attempt to justaity the
approach of ecach partacular author. However, 1t one 15 concetned with

pubilic policy, then ceducation becomes an tnvestment and the use of 4

production function requiring investmeat connatat tons s dppropriate.

borms of the bunition

A tunction s o quantaitative approach to Jescribe the relationshap

between one value which depends ou ancther value or set ot values. The
general notation an the educational context s E:r(xl). where Xl &
rescuties used 1n educational production, £ = education, and I(Xl) takes
on certain Jharacternistics such as monotonic, continuous, and ditferent-
18
1table throughout . But 1t 18 not really as sample as that.
We tace 4 pervasive i1gnorance about the production

tunction of education, that 1s, the relationship between

school 1aputs, vn the one hand, and school output as con-

ventionally measurcd by achievemsent scores, on the other.

{Blaug, 1970, p. 209]
This pervasiveness aside, most studies ulilize some sample torm ot

an addative, linear type function, whether that be log-linear or other-

wise. Bowles (1970, p. 16) prefers the simple linear additive torm:

th
where A‘ = output measure of ll student ,




lx“ i\/ parameters of the production function to be esta-
mated,

'\/1 amonnt ot anput 2 devoted to student '8 education, and

“ the disturbance term

Fdward Lazear (1977, po 577 preters the log-linear form for the
cducatiomnal production tunction.  Huty an either case the method gener-
by emploved oy regressaon analveas

fn spaite of the commen approach used, what really happens as a
tesult ot the educational process remanins 4 puzzie.

ctonasectional data can tell us Tittle about how a
dvnamic svstem has worked an the past or how it could be made

te work an the tuture The more complex amd more dynamic the

avstem, the lesn likely are conventional analyues to yield

teliable anterences about gt Regression analysis fails to

deteot dvnami, relationships, tor that redson, 1t ndependent

vatiables change over time o relation to others, the direct

cttevte o the depeadent variable are likely to be under-
entaimated
fLuevke and McGinn, 1979, p. 367]

Fer that rteason, even though the commonly accepted torm of binear

additive s ueed thiough the most genersliy accepted method of multaple

tegienston, o gieal dead ot care must be adopted when generalizing trom

tesultys obtained on oany stady

Tnputs and Outputs
Given the generally aciepted tarm of the educational production
tunction, 1t becomes 1mperative to exsmine 1n detarl the anpats and
outputs used 1n this production process. Ettorts to measure the re-
lationship between 1nputs and outputs began 1n carnest 1n the late
19

tifties (19950s ). A description of typical japuts wall lead thas

section. Outputs will tollow.
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Input.
Tnput< an the educational production tuncthion can be clansitied
ity any one ot 4 number of wavs. Fixed gaputs and policy anputs result

20 .
trom e wuch method of classaitication, Student characteristacs,

schocd-related tactars, and other communaity antluenies result trom a

O Q4
Seconnd And any combaination of these s a possaible third.” which
clasnatication ans used 1 teally immaterial What s amportant here g
the wpecitic vattables used on that ground, most authars agree and
they ot bude sach varrabhles ac are tound an bPagure 3.

[he mavca probliem comes an the measurement of some of these varg-
able snpute it s obvious that some are clear-cut and well-detined,
Thers tegquire the use ot a4 proxy messure .

Al aaputys must be measured an phyvsical terms making
allcwance, where necessary, tor any changes an gualily.,  Since

the anpats are heterogeneous, 1t as ampossible to find o

single physical unit an which they can all be expressed.

[Blaug, 19706, p. 273}

with - ther varsablen, the problem becomes ane of aggregation.
s problem s uften desalt with by gggregating several
separate vatiables ante g sangle anput measure, for example,

when expenditures per pupil are used to measure school inputs,

The expendiliare measute s an aggregation ot a variety ot

separate dimensions of anput s teacher experience, degree

status, starting salary, and the teacher-to-puprl ratio.  The

appropriateness of the aggregation depends upon the policy

question heang asked
[Heam and Perl, 1974, p. 4}
Hutput s

Ihe Public Services Laboratory ot Georgetown Universaity detines
ediucstioaal cutcome as the resull of learning which attects (1) the
advancement and development ot the 1udividual, () the qualaity of living

ot the andividual 1n the social (ommunity 1o which he functions, and (3)

the development of the society 1n which the indavidual lives, that is,
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Typival Input Measures

School Rldgs . (physical si2e of campus) Age

Student 1ndependent study time Race

School saize (number of pupils) Student 1.qQ.
Tracher sovaoeconomic status Library size
Tracher verhal abalaty Social status
Teacherr degree status Administrative

Pupil-teacher ratio Father' s income
Teacher experience Father's education
% ot male teachers Mother's education
Figure 3. Typical Inputs for Educational
Production Functions
P
1ts economic, socr1al, and political system. In spite of the guirdance,
there 15 no concensus on what the output of educatizon ts or what 1t
should be, s¢ most analvses of education as a production process tocus
24
on abality or achievement tests as a measure of school output. At a
level below the university, a battery of tests cumprised of (1) [owa
Tests of Rasic Skills, (20 Jowa Tests of Educational Development, (V)
Stantord Achievement Test, and/or (4) college entrance tests (ACT and
. )
SAT) have typically been used. These standardized examinations are
osostly generally used because they are (1) siagle vectored, (2) quantai-
tiable, and (3) correlated with most other desirable features ot edu-
26
cation. As a result, most authors use these exams tor an output
measure even though they are critical ot them.
There are a few researchers who have also considered other measures
of output such as student attitudes, attendance rates (Katzman, 1971),
and college continuation or dropout rates. Some of these studies are
examined later 1n the chspter with other ntudies being detarled 1n
Appendix C. Figure 4 presents a list of "i1deal” types of outcome

|casures .

But what output measures have been used at the college or

e v aa o b
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l}-lyvg of utcome Measures
, MYeasures of boonomic Development
Yeasures of Work Skall
i Measures of Lognataive Skills
“ Hearures of Socaetal and Political tutcomes
\ Measvures of Advance an Opportunities for the
Kural Population and Other larget Groups
" Meanures ot bFamily, Village, and trban lLevels
1 Knewledge, Skalls, and Attatudes
Figure 4 Ldeal Outs ome Measuren
amaversaty levei o production’ The major problem an this ares s the

fetination and measarement of outputs, the result being that very tew

studies on the production tunction of higher educat ton have appeared an

the literature The anly ane with a qualitataive dimension was done by

Alexander Astan an 19eh ° He ured the Graduate Kecord Examinataion
o

VRE s ores e s o messure ot output His study 1w one which s ex-

amined qu o greater detualoan Appendax ¢

Seme ot the traditional measares ot output, at whatever level ot
cducatyon under <tudy, are clearly input medasures, others are an attempt
Loomose away trom anputls to process level criterta, while stall others

4te tirst gltempts to meanute vutputl 1n quantity terms such as earoll-

HY
ment rates and dropoutl rates.

Lsually, the cutcomes of higher ecudcational anstitutions
are Judged an terms of anstitutional ‘quality.’ ualaity s
measured by characteristics such as taculty and statt salary
siales, taculty-student ratios, percentage ot taculty with o
PhoDD |, number ot library books, square teet of burldiog space,
entrance examination scores of students, amount ot endowment
and so on. These are all apputs; they are not outcomes.
[Bowen, 1981, p. 93]

[t was establaished 1n Chapter [ that education produces multaple
out put FElchanan Cohn (1979, p. 171) does not precisely contradict that

conclusson but rather adds fuel to the tire 1n the controversy already
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existing over output measures by his pronouncement that an analysis of
Al cutputs 1s too cumbersome and unnecessary since the proxies which
must anevatably he chosen are likely to provide as much anformation as
the entire output set and at a lesser research cost. This dissertation
does not put the controversy on output measures to rest, but at does
tieat the educational output as multi-output

and more precisely as g

joant product output .

Fducational Production Function Studies

Serious eftorts to megsure the relationship between anputs and
cutputs began an the mid-1950s. A partaal list ot the studies which
have been pertformed as presented first with bits of nformation about
the contributions of that partacular study. i More detarled resesich
efforts ot a select tew authors ot production tunction models and the):
cenclusions are presented o Appendix €

Tn 199, wiidliam (. Molleakopf and S, Donald Melville did research
tor the bducational Testaing Service. It s generally recognized that
this s the first large-scale anput-output study on the fconomics ot
education. 1t as alse one from which many ot the later studies have
protited.  They used 9,600 ninth grade students from 100 public schools
and 8B, 457 tweltth graders from 106 publyc schools, all ot which were
selected from across the Umited States. They used 34 1ndependent vari-
ables, smong them were shiool, nons~school, and peer group r10tluences.
The measure of outputl was a specially designed test. Only one school
factor was consastently correlated (1n & stataistacally sagnifacant
sense) with the test results using simple Pearson Correlation tech-
aiques. That school factor was library and supply expenditures, while

such variables as the number of special school personnel, class size,
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and student-teacher ratio all showed some 1nfluence.

In 1959, Samurl M. Goodman conducted the New York Quality Measure-
ment Project (NYQMP) This was an attempt to control for the affects of
pareats’ sacioeconomic status. It was a study of 70,000 seveath and
eleventh graders trom the state's public schools. Classroom atmosphere
and teacher experience were both found to have an effect on the output--
student achievement

In 1962, James Alan Thomas performed a study on data collected for
Project TALENT. It utilized 200 schools 10 a nativnal sample. His was
the first major study to rely on regression analysis techniques tor the
primary means of statistical analysis. FProm a list of twenty-seven
input variables, Thomas found three school variables to be of particular
1mportance~--starting teacher salaries, teacher experience, and the
number of books an the school library.

In 1964, Charles S, Benson and some associates conducted a study on
school effectiveness for the state of California. In that effort, they
controlled for student background characteristics and tound that a
significant positive relationship existed between teacher salaries and
student achievement .

in 1966, James S. Coleman and his associrates performed the "Equali-

ty of Educational Opportumity” survey, commonly referred to as the

DB o e

"Culeman Report.” This study 15 the benchmark of educational production
functions and as such 1t 1s the most hotly debated one as well. They
used data trom approximately 645,000 1ndividual students selected by
type and location of elementary school. Ninety-three separate input
varisbles were used along with an oulcome measure consisting of ten test

scores 1o an attempt to determine the school and non-school factors
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trlated to student achievement. 0Of the school factors, teachers' verbal

PRI Py 1 ST

ability seemed to be the most important even though very jittle sta-

.-

tistical association between these variables 1n comparison to non-school
i variablex was discovered. Numerous studies have subsequently bheen
priformed on the data trom the Coleman Report. One such study, that by 3
. Bowles (19700 1s (overed subsequently an greater detasl an Appendix €.
In 1967, Herbert Keasling covered another aspect ot the NYQMP by
assessiag anput and output an varying kinds of school distraicts in New !
York Looking at large and small, rural and urban elementary schools,
he tound signifreant relationships between the cognitive outpul measures

and student-teacher ratio as well as expenditures for books and sup-

plies.  He reported that none of the other variables was uniformly

important .

In 1968, Elchanan Cohn used the “1ncremental change 1n scores” on
the lows Tests of Educational Development as an output measure for a
saople ot 377 Towa high schools, the majority of which were publac
secondary schools. A signifacant negative relatironship was tound bet-
ween the outputl measure and twe nput variables--number of teachers’

tollege (redit hours and pumber of discrete teaching assignments per

e R

teacher. A sagnificant positive relationship was found to exist between
sa1d output and the medsan teacher szlacy.
In 1968, Richard Raymond used cullege freshman grades and composite
H scores on the ACT as the output measure along with precollege school and
non-school 1nputs. The non-school i1nputs were derived from 1960 census
data for various West Virginia counties. Teacher salary was the only
school component found to be statistically signmificant i1n the positive

direction. The student's elementary school teacher salary was the most

T . o s 1. e taa




potent predactor.

In 1969, Thomas . Fox reported on thirtv-mine Chicago schools.  He
used twe autput measures--reading scares and retention rates--along with
A samewhat ditterent set of school inputs.  Among those pnputs were such
things o ~chool burldaing utilization rate, capacaity and age of
burbdings, book expenditures, man-years of teacher and statf time com-
mitted o the school, ~tudent time 1n specitic vocational courses, and
emplovment ctatus of studentn. Book expenditures and building capacity
were the anly two ansigniticant variahles The greatest impact of thys
pearticular study as that ot presented the farst simultaneous rquation
mode]l of ecducational production.

Tu 1970, brao Hanushek J1d research 1n oa single school dastrict gan
talitornnag Hisw entire analysas proceeded trom data ot the tadividuasl
student Jevel of agpregation He subdivided the data anto groups by
Mexacan students and white students with a turther stratafication de-
peading oo student 's father s aocupation--manugl labor or not He used
the Schelastao Aptatude Test score for the cutput measure and tarled to
find the relationnng which others had tound between the two most
commonly used school snput tactors and the andivaidusl student level
cutput

These studies provide a representatave tlavor ot educsatonal pro-
duction tunction studies which have typically been pertormed to study
the economas of eduration. In addition to those already presented
here, Appendix € detaarls tive other authors' studies by specitically
describing their 1noputs, vutputs, methodology, and results. Table 7
further provides a sumsary highlighting all ot the major educational

production tunction studies referenced in either portion ot this

e ity
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dissertation

Summary and Critique

tducation at the umiversity level can properly be viewed as either
a consumption good or an anvestment . A great deal of emphasis has been
placed an the production of education since the mid 1950 Most of the
production functyon studies have been accomplished tor elementary and
secondary schanls with very few appraring on universities (See Table 7
for s summary of @major educational production function studies. ) The
tesults of production function analysas are most generally evaluated in
twe wavs First s the magnitude of the rffect which the 1nput variable
has cn the specatied output. The second evaluation 1s usually the

;"
statistaical magmiticance of the estimated etfect.

The single most frequent critique of the educational production
function studies which have been performed and the aethodology 1o gener-
sl appears to be the specification and messurement of output.  Most
authors agree that outoome measurement 1s essentially a2 matter of meas-
uring what andividuals know or what they have learned; 1.e., testiug
knowledge, skills, attitudes, and attributes. Such testing 1s especial-
ly 1mportant tor voung children because substitute seasures are hardern

4
te develop.
Standardized testing nstruments are not always available

anid are not always appropriate for all purposes. At the

viasstoom level, <learly evalualtion 15 needed throughout the

period ot ainstruction, not merely at the end. . . . Teachers

must rely on observation and recordkeeping to evaluate m-

purtant student behavior such as 1nitrative, self-direction,

curiosity, creativity, leadership skills, organization ot

materials, and use of the laibrary.

{Public Services Laboratory, 1975, pp. 111:12-3]

In spite of all the work which has been done and the conclusions

reached and primarily becsuse of the difficulty in seasuring output,




a8
Blaug makes the tollowing slatement .

It as clear that productavity measurement or cost-ef-
tectaveness analysis amounts to little more than a framework
tor 1esearch, challenging us to explore new ways of converting

‘ quality ante quantaty and directing onr attention to critical
l Raps an knowledge .. . The magic numbers that have wo far
been generated must be regarded as purely provisianal, calling
for and andeed anvitaing talsitication by further attempts at
. "measuring the unmeasurable
[Blaug, 1970, p. 281]
Chapter Summary

A Jarge numbep ot those writing about the ecconomivs ot educat ton
have been teterenced ta this chapter and an Appendiors B and €. Even
then, that number only approaches a fraction ot the whole. Further
works are avariable an another detaaled survey by Siegtried and Fels
(1979 The teasons tor such an extensive teview were threetold.  Firest
wans to present an gdequate crass section of the various methodologies
previcusly employed Second was to provide 4 fteel tor the types ot
inputs and cutputs used an each ot the studies.  These studies provide
the basis for the general methodology and the tnputs used 1o this
dissertation The third reason tor such an extensive rteview was to
provide a basis for the measurement ot attrition as an outpul through
the educational production tunction literature.  That necessitated
reviewing both attrition literature as well as that pertoining to edu-
cational production tunctions.

Attrataion ot students was detarled tirst.  The main couclusion s
that ot every 100 students entering college, 40 will never graduate.
Reasons for the dropout of college students 1nclude tinancial datfar-
culties and a definite loss of interest or boredom with the university

routine which 18 most usually the result of a serious lack of 1demata~

fication with the affirliated 1nstitution.
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A section on the educational production tunctions brought the
chapter ta a clase. Many of the production tunction studies were men-
ticned hrietly with several being detarled an Appendix €. 0f all those

etforts, only two ot three have dealt with attrition, and those were
tonsaistently at a level]l below the universaty. Only one educational
production function study dealt waith umiversaty production--that of
Astan--and he did not address attrition.  Those factls open the door for
this dissertation on atlrition at a4 umiversity using the educational
production tunction approach.

Now that the background and the foundation have been established,
the theory and methodology for this dissertation are ready to be de-

veloped an detasl That detasl follows 1n Chapter {11
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CHAPTER 111

THEORY, MODELS, and HYPOTHESES

Introduction

Chapter [ argued that the instruction portion of a university's
output 18, 1n effect, multi-product. That multi-product output is
examined here 1n Chapter I1] using graduates and nongraduates ss two
separate outputs although many other classifications are possible. The
chapter begins with a detailed reviev of the theory behind sulti-ware
production. That theory 18 specifically applied to Lhe problem of
attrition st universities. The models are then developed. A section

containing hypotheses statements will conclude the chapter.

Theory
Multi-Products (Multi-Ware) Production
Before proceeding it is essential to have clearly in mind what s

meent by sultiple products and joint products. Multiple products are a
reality for most firms which are in the business of producing goods.
These firms produce & sultiplicity of goods. Everyone agrees that
General Motors is & multi-product firm. They are multi-product because
they produce locomotives, cars, and trucks and each is produced at a
plant separate from the other plants. Therefore, GM i. able to assign
and separate all inputs to the respective output 4 advance of the
ectual production process. In the truck plant, both GMC and Cheverolet

trucks are produced. Assume they come off of the same assesbly line.




-
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Even though that he the care, 1t 18 still possible to determine which
tav materials go to which vehicle, but now management of the plant and
other plant resources are shared between the two products. So at least
some 1nputs are shared while the products are still separable. The
1nputs are still separable in terms of the share time going to each
product . Thua, the GM truck plant is stall producing a multiple product
output .

Hecause the truck plant is still sultaple product, what are the
features that describe and define a joint outpul?l The diagram 1n
Figure 5 depicts the four possibilities for the input-output relation-
ships. Tc qualify as & joint product, the inputs are shared by the
products and the joint products sre simultaaseously or jointly produced
from the same 3nputs by » single production process.2 Allocation of
each i1nput 15 notl made to each outpul separately. Thus, a multi-product
production function need not exhibit jointoness of production. Rao
(1969, p. 737) makes this difference explicit when he writes, "The case
of joint production i1s a technological phenomenon, . . . al}l products

are produced 1n one production process.”

Joint Products
An example of a joinl product process 18 ore mining. After taking

the ore from the ground and performing Certain processing procedures,

Product Side loput Side

X = f(v)
separable X separable
not separasble not separable

Figure 5. Multi-Products Possibilities of Separability
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there may result several products jointly. During the process, much of
the 1nput cannot be specitically asmigned to any particular output.
Neather sade of Figure 5 1% separable-<3 joint product. Another example
18 the chairmaker briefly addressed 1 Chapter [. Assume his multiple
output 1s gaod chairs and weak chairs. From his joint production
function, he will know how many of each he will produce from given
inputs . The degree of qualily control 1s part of his production
function. There may exist certain hidden Jdefects which 1n effect cause
weak chairs to occur along with the gaod chairrs. The chairmaker cannot
distanguish which input will go te which product but he can determine
how much of one product will be built given the batch of lumber. The
case 15 anseparable on both the 1nput and output sides and thus a joint
product prucess

1f there exastas rome sort ot technical relationship between several
products because there are certain factors which can or sust be used
joantly, or because certain tactors can be used alternatively for one
autput or another, these products are technically tunm,-('t('d.'j In the
general context, because a multi-ware production process 1s 1n evidence,
the production law cannot bhe studied separately for each product but
sust be studied mimultaneously tor all connected products. The pro-
duction system may consist of several (u) ditferent ways or conditions
of production and might be of the form shown in equation {2Z].

|21 Fl(xl' X2. A X.; V‘, \2, S Vu) = 0,

g Xg VLV VD)

o,

1}
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where X- = m outputs or products,
YV = n inputs,

u production relationships,

-
W

‘ and the u equations are assumed independent of each other. Thus there

are u production conditions.

Therefore, m products, n factors, and u product relations are
defined. Frisch cells the difference between m and u, assortment,

a I ® - u. By assortment, he weans the degree of freedom of choice

among connected products. [f, for example, m = 2 and u = 1, then there

1s one degree of freedom over the product mix, given the inputs. For a

single product production process, @ = u = 1, or a = @ - u = 0!

In the following statement, Frisch refers to a further subset of

the technically connected products.

Irrespective of the degree of assortment a = m - u, we
can enguire whether, from the given u relations, it is possi-
ble to deduce somec, and if so how many, which only link to-
gether certain product quantities, these relations containing
none of the production factors. These relations are pure
product bands; 1.e., they are factor free. In other words,
they hold good irrespective of what the factor quantities say
be. If the number of such relations is C, we say that the
degree of coupling--or more precisely the degree of product-

coupling for the multi-ware production in questiop--is C.
[Frisch, 1965, p. 270}

.w
3
3

It s therefore self-evident that C is independent of m, n, and u.

L SRl et

For example, 1f X, and X2 are joint outputa from a given set of i1aputs

JORTON

V‘ (s =1, ... n), Xl depends on V‘, and Xz depends on Vi also; then,

a=®-uzx=0. But, if Xl and XZ are independent of the set Vi' i.e.,

factor free, then X‘ and Xz sre coupled or related as pure product

bands. That is, Xz = f(x‘) or implicitly, F(Xl. Xz) = 0, without V‘ in

F. Thus, C = | band. Coupling, therefore, represents a new and differ-

e e s T VRS S A

ent aspect of the production structure. [t veries in degree from no
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coupling to perfect coupling, wvhere the exact nature of coupling is
related to the degree of tactorially determined sultiple product pro-
duction. Thus the concept of joint products is s subset of the notion

of multiple products.

Factorially Determined Cases
1f the factor quantities are given and sl]l the joint product
quantities are determined, the system of equations [2] previously out-
lined does not apply. The general system is known as the factorially
determined production process. Given s products, the general factori-
ally determined system of equations is charsacterized by a set of ®»
product functioas.

(3] xl =x,(vl. ..o V)

X. = X-(Vl, S Vn).

The degree to which the factors determine how Xi is related to X. 1s the
crux of the theory of coupling. The degree of assortment is equal to
zero;, i.e., s = m - u=0. If the vector V is given, the vector X is
given uniquely.

Factorially determined production is clasasified into separable (or
noncoupled) and coupled. Coupled is further classified into perfect and

less than perfect coupling. Separable is discussed first.

Separable Products

The purely s-~parable case is one where the cosbination of the
product quantities is no loager joint in the sense that the products all
come from the same production process (and, therefore, from the same

inputs). Equations (4] and (5] represent the multi-product (m = 2) case
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of pure separability.

[&] X

1 Xl(Vl. .o Vn)

, =K (Vi V)

t

(5] X

where V # V'. This is illustrated by Figure 6.

Coupled Products

Coupled joint products is saother special case of factorially
deterwmined production. As previously indiceted, there are degrees of
coupling related to the degree of factor determinateness. The geperal

case of coupling can be represented by

[6) X‘ = XI(V)

(7 Xz b XZ(V)

vhere V represeats the same inputs for both functious.
An example of the joinot two product system vhere some degree of

coupling occurs and one used by Fri:cbs is that of poultry and egg

1 isoquants

vz s e 400

. !2 isoquants
vz'b—-—.;—--\

: A

V1 V‘ Vl inputs

Figure 6. Perfectly Separable Case
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production. There are two distinct products. In order to obtain the
two pr;ducts, certain production factors are required--certain materials
sand equipment, certain foods, and labor. Whea these factors are ap-
plied, in the same proceas, both products emerge, not only a certain
quantity of eggs, but also s certain quantity of poultry. If the factor
quantities are given, both product quantities are given as well. In
this example, m = u = 2 and the degree of assortment, a = 0.

The ratio of the two product quantities is not necessarily fixed.
In other words, coupling can be less than perfect. The ratio may indeed
be altered within limits by means of sujtable changes in the factor
constellation; i e., Vl, Vz, .o Vn; for example, more rolled oats and
less corn in feeding the chi.kens will change the ratio of the two
quanties of output. Suitable changes in the ianput factors can place
greater emphasis upon one or the other of the products. This is the
case where the products are, to a certain degree separsble. Figure 7
depicts the egg/poultry joint product factor relationship when less than
perfect coupling exists. Here, Xl = egg and Xz = poultry depend on the

same set of inputs V. And, vhen the combinstion of V, and V_ is

1 2

changed, then for a given quantity of Xl, X varie|.6

2
V. =
rélled

///’/’——5\\\\ Poultry isoquants
\
oats

10puts \\\\
“ Egg isoquant

\Il = corn inputs

Figure 7 Bi-Products, Less Than Perfectly Coupled
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Further, 1n the coupled case, the special functions can be of the
form
{81 Xl 2 klf(v). .o V")
19) X2 = KZ((Vl, S Vn)
where Kl and K2 are constants and f(Vl, AN Vn) is the same function

in both formulae. In this case the degree of coupling is C = | and the
degree of assortment is a = 0. As 1ndicsted eariier, there is a pure

product band relating X’ to X For example, we can assume that the

2
quantity of cream (sometimes called butterfat content) bears a fixed
retio to the quantity of milk produced by a cow. A change in the factor
quantities could perhaps be a change in feed or a slightly longer period
of tise between milkings, but changes slways occur in such a way that

the quantity of cream and the quantity of milk change in the same pro-

portion. la this case

110) X2 = le,

or Cream © some constant times @ilk, where K is the constant.

But coupling need not be that simple. The quantity ratio between
the two joint products may be a fuaction of the product quantities. The
charscteristic feature of this case of coupling is that ome product 1s a
well-defined fuaction of another product where none of the factor
quantities occur. As with the simple coupled case, C = 1 and a = 0, the

characteristic feature appears as
111 x, = g(X;),

or implicitly F(X‘, X2) = 0. Rquation [11] is contrasted with |10])

sbove where the relstionship is s coastant. The example Frisch uses for
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this case of coupling is the relstionship between gas, coke, and coal
tar.

These three products are linked together in such a way

that the quaatity of coke is a technically given fuaction of

the quantity of gas, snd similarly that the quantity of tar is

s technically given function of the quantity of gas; while the

total product quantity--measured for example by the quantity

of gas--is determined by the quantities of the factors.

[Frisch, 1965, p. 271)

Here the nusber of production relations is three (u = 3), The
number of products is three (m = 3). The degree of sssortment is zero
(0 =m - u=0). And the degree of coupling is two.

Figure 8 depicts the case of perfect coupling. It is the graphic
illustration of the case where Xl and !2 bear a definite relstion and
that relastionship is independent of the factor quanties. It is also
fairly obvious that most joint products lie somewhere between Figure 6
{completely separate substitution regions) and Figure 8 (coinciding
substitution regions).

Nov that the definitions are established, the theory caa be applied

to the attrition problem at universities.

v
inp&ts Xl isoquants

2 isoquants

V1 inputs

Figure 8. Bi-Products, Perfectly Coupled
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Application of the Theory
When a university admits a group ot students, unless it has know-
ledge of its joint production functions, 1t does not know with certainty
| how many will complete each year of school and how many will drop. Nor
1s 1t known which resources will be used by those completing or by those
quitting school. Therefore, if the products are defined as educated
finishers, those who comaplete cach year of school and subsequently
graduate, and cducated dropouts, those who fail to finish a specified
year of school and subsequently do not graduate, then the university
production process 13 one of joint products.7 Because both outputs can
theoretically vary as 1nputs are varied, the production system is fac-
torially determined. It then tollows that the applicable system of
equations for the joint product output of a university, where the out-
puts are defined as educated students who complete and educated students
who drop, 18 depicted, in effect, by equations [6} and [7). It is these
two equativns we wish to scasure.
The exemple used carlier about the chicken and egg production 1s
again beneficial to stress the points on the application of the joint
product theory A chicken farmer supposedly raises chichens for one of

two reasons. One 1s the production of eggs, the other 1. the production

J - .

of poultry. Having certain fixed facilities available for the short

term, s certain quantity of chicks are brought to the farm for the sole

i

purpose of meeting production goals. If the egg production goal ts too
high, end the number of chicks too small, eventually there will not be
enough chickens Lo meet the egg production goals regardless of the
quantity or quality of other inputs on the part of the farmer. There-

fore, scale of operations is important. Now the quality of the chicken
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input as amportant hecause only female chickens lay eggs. Of course the
farmrs would certainly prefer all hens because hoth outputs would be
available toa every chicken, whereas with the scenario selected, male
chicks have but one possible product, poultry. So there 1s concern
abtvut the quality of the hatch of baby chicks 1nput i1nto the process.

How about the farm taciiitien and inputs? The main concern on the
part of the farmer s to meet both production goals, eggs and poultry.
By alteraing such snput factors as quantity and type of feed, egg pro-
duition can he tostered at the expense of fat, plump chickens for the
poultry market and vice versa. So, # third concern 15 the technological
process 1involved with the production 1tselt, the institutional inputs.
Nete here that the main concern of the chicken farmer 18 not specifi-
tally with the production of each chicken, but rather with the maceo
production goals of the farm.

Now that the analogy 15 made, the parallels may be drawn. A uni-
versity has two joint products, which for ease of 1aentification here
are 1eferred to as completion and attrition. Goals can be established
for esch of the products, although onve a goal for the number of edu-
cated atudents completing each year 1s estabiished, the number of edu-
tated dropouts will ve known. As with the farmer, the first concern 1s
seceing that the scale of operations can be met. [t would be foolhardy
to have s goal of S00 students to complete the freshman year if only 485
students started that year.

The second concern is for the group of students brought iato the
umversity. The lfterasture review in Chapter [l indicated that a uni-
versity does not have the ability to specify with complete accuracy, in

advance, which eatering student will be a rart of which output, simply




64
because 1t 15 not possible to accurately predict which student will drop
out and which will persist. However, as with the chicken farmer, 1f the
characteristics of the group as a whole change, there 1s the opportunity
for improved possibility of meeting both production goals. FEaphssis
cannot lie upon every single student's input especially since even with
the top twenty percent of a graduating high school class, nearly 3i% of
those going on to college drop out.8 Therefore, the esphasis is sacro.
It 1s on the i1nput characteristics of the group.

The third concern has to be with the institutional or the tech-
nological 1o0puts. As with the scale cf operations, the institution’s
main concern is macro--meet the production goals. One's first thoughts
are that in 8 university setting where the output is people oriented,
that concern 1s cold and impersonal. But, 1t 1s through the efforts of
those who labor that 111 chickens are nursed back to health and thus are
able to (ontribute to production. The same principles apply to a uni-
versity. It 1s the effourts of faculty and staff with individual
students which contribute to the successful accomplishment of production
goals.

Nowv the general equatiouns for the bi-product or joint production

process of universities are givea by

{12} Xl = Xl(V‘. Vc, Vi)

V)

[13] X2 =z XI(V.. Vc, i

where Xl t output as defined by educated finishers,

X, = output as defined by educated (at least partially) quitters
or dropouts,

V = scale input,
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E V( = class characteriatics or qualities, and J
Vi = institutional 1nputs.
These are the production functions (which are assumed to exist) that are ﬁ

estimated 1n this dissertation.
The output messures along with the specific variables which are
used to measure scale, class characteristics, and institutional tnputs

are specifacally defined in the next section, Model Definition.

Hodel Definition
Essentially five wmodels are presented even though the variables are
the same for each model. The five are: one for each level of under-
‘ graduate college education and one aggregate, representing university
output during the academic achool year. Variables are outlined here
only 1n enough detail to present the models wvhile the specifics of

variable definition are 1n Chapter 1V.

Outputs
As 1t vas previously shown in Chaper [], defining and sdequately
@easuring the joint products is a most difficult task. Many indices of

output measurement are available. (See the section on output of edu-

cational production functions in Chapter [1.) Several such measures are
\ i here suggested as theoreticsl indices for the measurement of aggregate
;> university output.
% First sre the rav numbers (N). During sny school year, a college
g 1nstructs on four levels of undergraduate educstion. At the end of that
year, students have completed the freshman, sophomore, junior, or senior
year. When messured in aggregate numbers of finishers, the output is

: the sum of all four levels of acedemic achievement. And during that
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same period, the jotnt product is the aggregate of nonfinishers, those
viio started a given level but dropped out during the year 1n question.
The justitication for breakdown by education level ia found in the
extremely diaproportionate number of students who drop from schnol
during the treshman and sophomore years. (See statistics on attrition
in Chapter 11,

A second possible 1ndex 13 the number of credit hours (S5CH) com-
pleted by finyshers and nonfinishers. Again, the index would be measn-
ured for each level. A third possibility 1s the grade point average
(GPA) of earh product, while yet a fourth i1s some combiation of the
frrat theee, suth an N x SCH x GPA. Only the first seasure, N, is used
in thas study, although poasibilities and justification can be offerred
for 1mplementation of other indices of output measure. So, the index of
output as used herein 1s the number of educated finishers and the number
ot educated dropouts, and the joint products are defined theoretically
a8 (1) those educated students who finish and (2) those educated
students who drop out.

The reason for using the actual numbers of finishers and dropouts
15 one of necessity. As 15 dincussed i1n Appendix A, an elicitation
process 18 used to develop prior subjective estimates of the parameter
values. It was determined that such a process would be extremely diffi-
cult to use unless notions of the joint outputs were fairly simple and
well defined. While other indices have appeared in the literature,
using numbers as indices in this study seemed to be a good first-ap-
proximation approach to a difficult problem.

The model now appears as
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[14] X, * ":,“s' Voov)
f1s] X S 3 L Y S
d) d) s c 1
vheoe Xij = number of finishers of level 3, J - ) to 4, for a particular
schoolyear,
X number of nonfimishers (dropouts) from level j for the same

dA]

vear aud both equations have the same factor quantities,
vV, V., and V

s « 1

The total number of such pairs of equations is five, one for each

level (freshman to senior) and one agrregate to show university total
cutput by tinishers and nontimishers for a whole year. Since the number
of entering students 1s equal to the number of tinishers plus dropouts,
equations |14} and [14] are alternative estimates of the joint outputs.

Now that the models have been outlined and output measures speci-

tiecd, the 1nputs are specifically 1dentified and defined.

Inputs

\‘ represents the scale of operations for the university. Only one
varsable 15 used to measure sxcale and that 15 the number of students
(NS) entering school tur each grade level in the fall at the beginning
ot the school vear.

V_represents the input class characteristics. Many such at-
tributes are available and measurable for individuals but such measures
tor a «lasy are more ditficult to obtasn. The variables used to measure
clnass characteristics are: mean entrance score (SC), a leadership
measare (LD), snd physical abilities based on several exercise test
results (PH). A fourth seasure of the class characteristics is the

range of entrance scores (RS) for each entering class.
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Vl are the institutional inputs. Those selected fur examination
here are faculty quality (FQ), faculty experience (FE), and the student-
faculty ratio (SF).

Because of the lack of variation for some of the i1aput variables, a
difference 1n admittance policy of the UofU,MBA program, and the quanti-
ty of available dats, there 13 some deviation from the variables as
outlined above for the USAFA. The primary difference 18 the absence of
emphasis upon leadership and physical measures. In lieu of those {n-
puts, the average age of entering students (AA) is used. In addition,
no institutional inputs asre used for the UofU,MBA. Differences in
messurement of the input variables are subsequently covered in Chapter

Iv.

Equations
The specific equations estimated for the USAFA and the UofU MBA are

presented here.
USAFA

(16} n, = B,NS ] 325c . 53Rs + B“PH + asw + prQ + a,nz 4 ﬂBSF + pj.

117) N, = ylHS *y

4 SC ¢ YBRS + y‘PH + ySLD 4 yéFQ * y7F£ * yBSF ‘e

2 N
Since, as previously indicated, [16]) and {17) are alternatives,
{17) can be rewritten as
REAN] .d = él-ﬂl)ls - aZSC - ﬂJRS - ﬂaPﬁ - ﬁSLD - ﬂbe - 57FE - BGSF -
s
Essentially, this represents a test to determine whether or not the
retio "l/.d is perfectly coupted, that is, whether or not N(/"d =K, »

con.unl.9 In general, the ratio of [16] to [17] is a function of the

3
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form
[18) Nf’"d = k(NS, SC, RS, PH, LD, FQ, FE, SF),

wvhere now k is a function which is homogeneous to the zero degree. That
i3, 1f all 1aputs in [16] and (17] are increased by A percent, thea, the
ratio (Nf/Nd) 18 unchanged. But, if the inputs are increased by varying
amounts, the ratio changes. An empiricsl form for 18] and the ratio of

{16} to {17} is given by

{19} Nf/"d = :INS . 025C + GJRS + a“PH + osLD + 06FQ + u7FE + uBSF +

)
Equations (18] and the empirical form [19] are the same as that de-
veloped by Vinod (1968, pp. 329-30) in which be "measures the percentage
change in the proportions in which any two outputs are produced (e.g.,
xl/xz) resulting from a one per cent change in any input.” With the
estimates of {16] snd {17'], [19] 1s implicitly determinadble. In this
dissertation, {19] 18 not explicitly estimated, however, due to the
elicitation problem alluded to in the section "Outputs' earlier in this
ch.pler.lo

The equations {16] and (17] are estimated five times, through the
estimation of [17'], one for each undergraduate class year in progress
and once for the aggregate university scademic yesr output. Input
varisbles are ideatical for equations of each specified level of edu-
cation (representing class inputs) wvhile lf and "d represent the number

of students to finish or drop respectively. The error terms are pj and

L’, J =1t}
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Uotti , MBA

L] Y -
[20]) ht = BINS * azsc + ﬁ1RS + a‘AA + pJ.
{21] N, =

¢

{21} Nd = (l-ﬂl)NS - 8280 - BXRS - ﬁLAA - uj.

YINS + yzsc + y3RS + y‘AA + LJ.

Because the liofU MBA progres 18 a two-year graduate program and because
1t has such a relatively short life, equation [21'] is only estimated

one time representing an aggregate academic year cutput.

Properties
In subjective statistical theory, Bi' and Y, are not observable
random quantities having a sampling distribution but rather nuisance
parameters. They are useful, not 1n representing some measurable
characteristic of the real university world, but in representing char-
acteristics of the rencarcher’'s opinions (as evidenced by the included
variables) about the observable and seasurable i1ndependent and de-
pendent variables. The researcher’s opinions sre further supplemented
by the prior opinions of experts in the particular field under study.
Once the classical model 18 estimated using equations [17'] aand
[2)'), the elacited prior opinions of the experts are brought to bear.
The posterior mesn of the distribution of the coefficients is a weighted
linear coanvex combinstion of the prior mean and the maxisum likelihood
mean with weights proportional to the precision of each. Appendix D
details the statistical properties and assumptions.
The properties of the joiat product have briefly been mentioned and
tnclude:
1. Number of products = = = 2.

2. Numsber of product relations = u = 2,
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1. Degreec of assortment = a = m ~ u = 0,

The productavity of the university as defined here by the number of
beginning students who complete the school year, aust not be confused
with etficiency of the university. Efficiency refers to the optimal
combination of inputs to produre a given output st least cost. It s
measured at a8 point an llne.ll Productivity here is messured between
two calendar dates, the beginning of the school year and the ending
thereo” The relationships developed between the 1nputs and the joint
product outputs describes sverage behavior of a class of students. This
average informstion may not be particularly useful 1o predicting how
changes 1n 1nputs would affect the ou'pull.lz Related to that is one of
the disadvaotages of the lincarly additive educational production
function; 1.¢., 1t provides a constant smarginal product (MP) for each

and every input i1ndependent of the level of that input.

Hypotheses

The hypotheses tested fil into one of two general categories. The
first 15 the question of empirtcal validity for the methodolougy of usiag
s joint pruduct output. This 1s examined i1n the traditional sense by
comparing the relative explanatory power of the determinants of the two
dependent variables for each level ot higher education as well as the
aggregale university acadesic year output. The subjective statistical
approach employed goes one step beyond the classical methodology and
serges prior opinions of experts with the classical statistical resuits.

The second category posited relates to the sodels developed. The
specific models allow examination of the three classes of independent
variables for each level of education; i.e., scale of operstions,

class-year characteristics, and institutionsl i1aputs. By looking at

e e
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sttrition and completion in the factorially determined product relation-
ship, light 1s shed on factors which lead to attrition from universi-
ties. [t was shown earlier 1n Chapter ]Il that since the k-function is
homogeneous to the zero degree, the relative smount of attrition at a
university will not change unless inputs are varied disproportionately.
Thus, policy emphastis can be placed on those critical input areas to
reduce ss1d attrition.

In addit1on to the general categories outlined above, this effort
explores the validity of using educated nonfinishers or dropouts as one
output of higher education. Chapter !l and Appendix C each contain a
review of sany authors who had performed work in the economics of edu-
cation using an educational production function. Almost without ex-
ception (see Chizmar and Zak, 1963), the output is singular and the
proxy for mseasurement is some type of cognitive achievement as measured
through an examination. And yet, the same literature provides sound
basis for s critique of the output most commonly used. The analysis
provided in this dissertation recognized, through the joint product
approsch used, that which is generally agreed upon as common knowledge.
That i1s, the further a student progresses through a university edu-
cational process before quitting or dropping out, the more inputs and

resources that educated dropout has absorbed.

Susmary
This chapter has presented the production theory which supports
using attrition as an output for institutions of ‘igher learning.
Educated quitters then become part of & uaiversity's multi-product
output. There exists a distinct difference between multiple products

and joint products but the latter is considered a subset of the former
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type of production. A joint product production process must be con-
sidered simultaneously unless it is ascertained that the process is a
factorially determined production process. The process under study here
fits the factorially detersined production case, the two types of which
are separable and perfectly coupled. Given the inputs which include the
scale of operations as defined by the number of students aand the output
as defined by educated finishers and educated quitters, university
production fits the partially separable case; i.e., less than perfectly
coupled.

Equations were presented ino the chapter and the model used in this
dissertation was developed. The varisbles used were described in enough
detsil to complete the model. The preponderance of variable definition
along with the measurement of those variables now follows in the chapter

on the description of the data.
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Notes to Chapter 111

1. Pasul A. Samuelson points out the conditions under which a firm
may have multiple products but not produce a joint product in "The
Fundamental Singularity Theorem for Non-Joint Production,” luternstionsl
Econosmic Review, 1966, 7, 34-41. See Also: E. Burmeister and §. J.
Turnovsky, "The Degree of Joint Production,” International Economic
Review, 1971, 12, 99-105, and M. Hirota and K. Kugs, "On an Intrinaic
Joint Production,” Internationsl Economic Review, 1971, 12, 87-98.

2. H. D. Vanod, "Econometrics of Joint Production,” Econometrica,
April 1968, 36, 322-36, presents a discussion of joint production and
then employs the econosetrics which he develops in an example using
wutton and wool as joint products. His efforts, though debated on
certain grounds which are irrelevant to this dissertation, provided the
bssis for a subsequent study by John F. Chizmar and Thomas A. Zak,
"Modeling Multiple Outputs i1n Educational Production Functions,”
American Economic Review, May 1983, 73, 18-22. See also: Potluri Rao,

“A Note on Econometrics of Joint Production,” Econometrica, October
1969, 37, 737-8. )

1. See Ragnar Frisch, Theory of Production, Chicago: Rand McNally
& Co., 1965, 269. Most of the theoretical parts of this chapter are
extracted from Frisch Chapter 14, which may be examined for a bettor
understanding of joimt product tbeory Kenpeth Laitinen, A Theor
the Multiproduct Firm, New York: Nosth-Holland Publishing “Co, 1980

aaserts that Frisch presents a more detailed model of the firm but dors
ac st the cost of sacrificing generality.

4. In Frisch, 1965, 269, "a" 1s called the degree of assortment or
the degreer of freedoa of assortment.

5. 1bhid., 270-1.

6. Chizmar and Zak, (1983) (see note 2 above), apply joiat product
production to education and provide yet a differeat example from those
ot Frisch. They borrow the aotion of "input exhaustion” from Brown and

Saks (1975), aud use it to indicate the degree of jointuess, or what is
here referred to as degree of coupling.

7. As previously indicated in Chapter 1, even those who drop out
of college gain somethiig from the educstional experience. Hence, they
are referred to as educated dropouts.

8. The percentage is derived as follows: (1) From Chapter II,
the top 20% of the graduating high school class contributes 42} of the
beginn.ng freshmen at universities and 32% of the dropouts. (2) ot
every 100 students beginning college, 40 drop out and never earn a
degree. (3) 32% of 40 = 12.8 of the dropouts come f{rom the top 20} of
their high school class. (&) Because there are 42 of every 100 from
thet category in school and 12.8 of them drop, then nearly 31} of the
nation's top high school studeats drop out of college.
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9. The ration Nf/Nd is related to attrition (Nd/ﬂS) by NS = Nf +

10. Had 1t been feasible 1n the elicitation process, an alterna-
tive specification like the Cobb-Dougias could have been used in lieu
of the linesa: wodel ured here. In the Cobb-Douglas case, the ratio

- -y Tay P2, By B2, @-By  a2-B;
N(/Nd k(xl. XZ) Xl X2 /Xl X2 X] X2 . The degree

ot homogeneity of k depends apalytically on the a and the ﬁ‘ values.
See Vinod (1968) .

11. See Mark Blaug, "The Productivity of Universities,” 1n bas
Economics of Education, |1, Baltimore: Penguin Books, Inc., 1969,
3115-6.

12. See Eric A. Manushek, '"Conieptual and Espirical [ssues in the
Estimation of Educational Production Functions,” The Journal of Human
Rercurces, Susmer 1979, XIV, 1369.
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CHAPTER 1V

DATA DESCRIPTION AND ANALYSIS 5

Introduction
In this vhapter, detailed descriptions of the variables used are

presented along with the measurement of those variables. [n some cases,

assumptions are calied upon in order to provide a reliable measure of
apecifac variables. Variable definitrons are provided for both data
sets used 1n the study. The chapter cootinues and 1s further divided to
provide s description of the saalytical processes eamployed. However,

the specific statistical methodology 18 reserved for Appendix D.

Variables Defiped and Heasured
The data for hoth the USAFA study and the UofU ,MBA program were
extracted from records kept at each university loconon.l Although
other information was available from those records, predominant at-
tention was placed upon the explanatory variables ss slready outlined ia
the mode] definttion of Chapter [11. Because of the differences in
variables used 1n the two data sets, each set receives its own treatment

here .

USAFA Variables
Out put
While quality differences 1a terms of type of degree earned have
been important in the literature, for various pract;cal reasons and the

fact that such differences are not great, this dissertation uses raw
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numbers fos output. A student is classified as a finisher (Nf) if said
student satisfactorily completes all of the requirements of the edu-
cational level under study such that sovement to the subsequent level
occurs in the next scademic school year. The second output of the joint
product 1% the number of nonfinishers (Nd). Nonfinishers are those
students who begin a school year but for various reasons terminate thear
education at some point during the year or prior to the beginning of the
subsequent year. C(Close scrutiny of those definitiong reveals what could
be a serious flaw 1n messurement and that in the handling of students
who do not drop nor do they finish within the prescribed year but sub-
sequently do complete.

The USAFA registrars office accounts for such students using the
terminology “"turnbacks into class” (TIC) and "turnbacks out of class”
(TOC). A TIC 1s a student from a preceding class who failed to complete
one or msore course years of study but per.isted and subsequently
finished coursework with a class other than the one with which college
began. A TOC student js one who did not drop from school but went back
a class or more and persisted with educational pursuits. Such a TOC
does not affect the attrition rate of the class with which said student
started. Therefore, the entering strength of each graduating class, or
each class for sll four levels of education, is an adjusted eantering
strength comprised of new cadets or preceding level finishers plus TICs
minus TOCs.

A brief example will illustrate. Assume the Class of 198x + 4
begins the freshman level of school in 198x with 1500 new cadets.

During the year, 18 cadets were turned back from preceding classes. Ten

meabers of the Class of 198x ¢ 4 were turned back into the Class of 198x
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+ 5 and 250 terminated their education at the academy for whatever
reason. Nf is determined ss follows:
1500 ¢+ 18 - 10 = 1508 adjusted entering strength.
1508 - Nd * Nf.
250 = "d' so 1508 - 250 = 1258 = ”,-
That leads naturally to the first input used with both data sets, the

aumber of students.

Inputs

The first input is designed to determine the significance of scale
on atlrxtxon.z Scale is measured by the number of students enrolled
? {NS) in rav numbers. It ia defined as the adjusted entering streagth of
cadets into each respective class level. Using the example started in
the Dutpul section, the NS for the freshman level was 1508 students.
Because 1258 = Nf from the freshman year, 1258 is also the NS for the
subsequeat sophomore year. Assume further that 200 students quit during

the sophomc e year, 100 during the third, and 22 during the final year

at the academy and that TICs were 3 during the third year and TOCs were

2 during the senior yeay. Then

NSl = 1508

"dl = 250

’ "fl = lSz x 1258

I"2 z 200

"12 = 1058

I83 = 1058 ¢ 3 = 1061

l‘3 * 100

N .. = 961

NS, = 961 - 2 = 959
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N

a4 22 and

#

Nfa = 937 = number graduating for Class 198x + 4.

In addition to the number of students, which is used to measure
scale, four variables are used to messure quality differences in input
over time. One of the four variables used to messure the differences in
class characteristics 18 the average classs score (SC) on the college
entrance examination. The two most popular of such exams are the Scho-
lastic Aptitude Test (SAT) of the College Entrance Examination Board and
the exam published by the American College Testing Program (ACT).3 The
USAFA employed SAT results beginning with the first entering Class of
1959 snd have continued to use SAT results to the present time. How-
ever, as ®ore and more prospective students took the ACT, the Academy
felt & need to accept ACT results. Beginning in 1974 with the Class of
1978, results of the ACT were accepted and published along with SAT
results for beginning cadets.

To arrive at s common measurement, 1l is necessary to equate the
SAT and ACT score results. Chase and Barratt provide the basis for the
common relationship. The details of their effort to provide a con-
cordence between SAT and ACT resultls are provided 1n Appendix E. Tue
relevant range of their study as it applies to the entering USAF cadet
class characteristics is shown i1n Table 8.

The SC used as an input variable represents a wcighted average of
the SAT composite mean with the average composite ACT, converted to an
SAT equivalent, vhere the weights are based on the number of entering
students taking esch exam. For example, the Class of 1978 had 543
entering students take the ACT and the composite mean score was 109 4.

From Table 8, 109.4 converts to 1226 ia SAT terms. The same class had
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Table R‘--Cocponxle SAT and ACT Relationship

ACT Total

103

104

106.

105 .

109.

106.

106.

1G7.

108

108.

109.

109

112.

112.

113.

113

'Ad.pled trom Chase and Barritt (1966, Table 3, pp. 107-8).

9

0

0

5

1167.

1171

}17e.

1181.

1186.

1i91.

1196.

1202.

1207.

1256.

1259.

1264.

1269

'SAT Total

0

.0

0

.0
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1083 entering students who qualified taking the SAT. The composite
average SAT score was 1200. The weighting is approximately 2:1 for the
SAT and the equivalent weighted class SC is approximately 1209.

The second class characteristic is represented by the range of
scores from the SAT or SAT equivalent eatrance exam. Range (RS) is used
to test for the importance of homogeneity of classes entering the acade-
my. However, a simple range; f.e., 655 (1530 - 875), is pot available
on a per-student basis. What {s available is the low and high of the
verbal and msth aptitude portions of the exam for the entering group as
a whole. It is obvious that the sum of the low verbal score and low
math score does not represent the composite score of the lowest scoring
student, just as the high scores cannot be an accurate representation of
the studeat with the overasll highest scores. The appropriate RS will
always be less than or equal to the proxy messure used in this study,
the sum of the lowest to the sum of the highest acores, but it is as-
sumed that the difference will be normally distributed with some speci-
fied mean and a constant varisnce. Therefore, the proxy is justified.
To clarify then, RS represents the range of scores from the SAT. How-
ever, it is not a simple range measure. It is a proxy measurement (or
composite) where the low end of the range is calculated as the sum of
the lowest scores on each of the two parts of the exam, verbal aptitude
and math aptitude. The high end is the sum of the highest scores on
each of the two portions of the SAT. Further work must subsequently be
undertaken to test results of the simple range in college entrance exam
scores and should be enlarged upon to include the range of other inmput
variables such as the physical and leadership messures as well.

The next two class characteristics are not common inputs to a

amit 3
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university but arise from the USAFA purpose being to prepare young men
and young women cadets to become career officers in the United States
Air Force.‘ These two characteristics are considered to be an integral
part of the preparation, both before entering and during the four years
of attendance at the Academy. One is physical (PH), the other is
leadership (LD)-5

The PH aptitude examination is s composite of performance on
several sthletic events and is separate from the medical examinstion
given each cadet. It is a mesasure of strength, speed, agility, and
genersl physical condition. Specifically, the cadets do push-ups,
pull-ups, sit-ups, and a 300-yard shuttle run. Pull-ups are measured in
terms of the number that a cadet can perform. Sit-ups and push-ups are
both limited to the number completed in two minutes. The 300-yard
shuttle run consists of running six round trips between two turning
lines, 25 yards apart, in the shortest time possible. The runner sust
stay within a five-foot wide lane at all times during the run.6 The
four events are scored and each cadet awarded a score, the sum of all
four events. Since this system was instituted for the Class of 1961,
the mean clsss score has varied from 502 (Class of 1987, freshmen in
1983-4) to 573.7 (Class of 1968, freshmen in 1964-5). The lowest score
ever recorded by an entering cadet was 270 from the Class of 1987 while
every class has had st least one cadet score the maximum of B00 points.
For this study, the class mean was used to measure the entering class
candidate fitness characteristic.

The leadership composite is an attempt to measure a cadet's pre-
vious leadership experiencea. The raw score is the sum of athletic and

nonathletic indices. The athletic index is derived from participation




83
and achievement in extracurricular high school athletics including
baseball, basketball, football, hockey, track, tennis, lacrosse, soccer,
swimming, wrestling, golf, and any other sport with which a prospective
cadet may have been involved. The nonathletic index includes class or
club officers, student government positions, awards in academic socie-
ties such as National Honor Society and Boy's or Girl's State Delegate,
participation and achievement in public speaking, debate, drams, publi-
cations, musical activities, science clubs, scouts, Civil Air Patrol,
Reserve Officer Training Corps, and membership in community and church
organizations. Academy personnel feel that such athletic and nonath-
letic activities provide an indication of the candidate's leadership
potential. "If a student has had to work to provide family financial
assistance, the Academy considers the work experience as deomonstration
of leadership potential in lieu of certain participstion in extracur-
ricular activities,” (USAFA Preparation, 1981). The LD measure is a
composite of all these leadership activities. Over the years, the range
of this measure has been from a low of 970 points for one cadet in the
Class of 1966 to a high of 2400 points for one cadet in the Class of
1983. The class average score was utilized here with the range of that
mesn varying between 1572.4 for the Class of 1963 and 1760 for the Class
of 1968.

In addition to scale of operations and class chsracteristics,
institutionsl inputs have an ismpact upon university production. Ome
such input which has consistently been used in educational production
functions is faculty quality (!Q).7 In secondary and elementary
schools, sn sppropriste measure of faculty quslity is the college degree

plus years of formal education received by each faculty member. But at

|
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a university, some other weasure is more appropriate. The USAFA re-
quires some other measure for two additional reasons. The first is the
tact that all faculty members must hold at least a master's degrce.8
The second is the fact that the institution, even though accredited by
the North Central Association of Colleges and Schools and the Accredit-
ation Board for Engineering and Technology, (USAFA Catalog, 1983-4, p.
49) is operated under the asuspices of the military and most faculty are
Air Force officers whose gelection to the faculty is based upon their
experiences within the fields in which they instruct. For those
reasons, faculty quality is defined as the percentage of total faculty
who possess a Ph.D. or Ph.D. equivalent degree. Data for this input

variable were manually extracted from The Air Force Academy Catalog

which is published annually and usually precedes the beginning of the
school year by several months. For example, the 1957-8 catalog was used
to extract data for the school year 1957-8, even though additional
faculty may have been sdded or some existing faculty members transferred
between the time of catalog publication and actual class resumption at
the beginning of the school year. Therefore, the cut-off date for
seasurement of FQ for a school year is the publication date of the
catalog for that school year. The FQ for the USAFA ranged from a low of
.1838 in 1961 to a high of .3376 in 1982.

Faculty experience (FE) is similar to FQ in that it too was taken
from the catalog, so the same cut-off date for measurement applies.
However, experieace is not measured in the traditional sense of teaching
experieuce. Becsuse it is a military sponsored school and the students
sre professional military trainees, the FE is defined as the average

number of years of military experience for the faculty as the faculty is




85
measured from the school catalog. But even that definition requires
further clarification.

Within the USAF, promotion to a specific grade is dependent upon
performance of duty and time~in-grade in the rank just preceding the
promotion rank. Though it is not mandatory, a great majority, say 99%,
of all officer promotions follow a time-table similar to that in Table
9. The final column of that table lists the number of years of mili-
tary experience used in the computation of faculty experience. A short
illustration is warranted. The 1955-6 catalog shows 19 colonels, 29
lieutenant colonels, 145 majors, 181 captains, 18 first lieutenants, and
1! second lieutenant on the USAFA fsculty. Using 25, 21, 14, 7, 3, and 2
as the respective military experience of each rank involved, 11.3 years
is the average FE for the school year 1955-6. The FE varied from a low
of 9.9 years to a high of 13.0 years for the time covered in this study.

The final institutional input used is one which is relsted to scale
of operations but from the university side as opposed to the raw number
of students. That variable is the student-faculty ratio (SF). Gener-
ally the student-faculty ratio is included in such studies to provide a
proxy measure for the amount of pupil-teacher interaction. At most
universities, a measure which would better descridbe the extent of that
contact is the class size; i.e., the number of students being taught in
each class of!ered.9 However, at the Air Force Academy, all classrooms
except eight 75-cadet and eight 40-cadet "lectinars" are built for
fifteen to twenty students, thus encoursging free communication between
the inmstructor aand Cld‘tl.lo Such being the case, little variation ia
manifested in the size of class being tsught by esch professor. There-

fore, the student-~faculty ratio is used, sot to msasure the amount of
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Table 9a'-Typical USAFA Officer Phase Points for Promotion

T Average "Years for

Year Service Estimating

o Rank Attsined Time (Yrs) _ __FE laputs
Second Lieutenant 0 1 2
First Lieutenant 2 3 3
Captaian 4 7.5 7
Major 11 13.5 14
Lieutenant Colonel 16 19c 21
Colonel 22 269 25

%Thia table does not reflect United States Air Force policy nor should
it be interpreted as such. [t {s developed by the author based on
personal service experience and merely presents his views of promotion
within the Air Force. The predominant factor in rank advancement is NOT
time but rather performaance of duty.

bThil calculated figure is based on the midpoint of time for an officer
within that rank.

“Once the rank of lieutensnt colonel (Lt Col) is achieved, an officer is
generally able to elect to stay in the service even though promotion to
a subsequent rank is not schieved. The average used here differs frowm
that in the study because many Lt Cols elect to stay beyond the time
when they would have been promoted to the rank of colonel.

dThe average used here represents the average time between promotion
and mandatory retirement st thirty years of service.
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interaction between the two, hut rather to provide 3 measurement of the
"potential"” for interaction. In that context, it is felt that a
student-teacher ratio 15 as predictive and as important to student
retention as 15 classroom size.

Now that the variables which are used in the USAFA study have been

defined, the observations on those variable must be briefly addressed.

Observations

Establishment of the United States Air Force Academy was Congress-
ionally authorized on 1 April 1954 and the legislation subsequently
signed by President Eisenhower. The first class at the USAFA, the Class
of 1959, entered preuniversity lrainingll on 11 July 1955 with the
formal university education beginning the fall of that same year (USAFA
Catalog, 1983-4, pp. 135-7). The classes have continued since that
time. The cut-otf date for this study is 30 June 1983. Therefore, data
covering 28 classes are available for studying the freshman model, data
covering 27, 26, and 25 classes are available for sophomore, junior, and
senior models respectively. And to keep the aggregate model consistent
with all four levels of education, only 25 years of data are used in
that model. (The years 1956, 1957, and 1958 were excluded from the
aggregate model because the USAFA output was not complete during those
years; i.e., there was no cutput from at least one level.)

However, because the first two classes, 1959 and 1960, were ad-
mitted without using a8 physical and leadership measure, data for those
two classes had to be ignored. This posed no significant problems and
the overlooking of the first two classes is similar to the accepted
practice of ignoring the start-up phase in exploring the economics of s

manufacturing firm. All other dats were complete with no missing
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observations. Hence, the number of observations used throughout the study of
the USAFA asre 26, 25, 24, and 23 for the freshman through senior models

.£ respectively. The aggregate model contains 23 observations as well.
Appendix F contsins all raw dsta for the USAFA models along with perti-

4 nent statistical information on the observations of that data.

UofU,MBA Variables

b5 IOV

e
Uit

It 15 essential to reemphasize that the primary purpose for in-
cluding data from the UofU,MBA progrem is not for model building and
statistical inference but rather for the descriptive value of the data H
itself. Nevertheless, a model is developed and the variables which are
used receive their definition here to provide an understanding of pre-
cisely how they are defined and measured thus facilitating interpre-

tation of the data.

€
;

The index of output wmeasurement used for the UofU,MBA study is
measured and defined identically with that of the USAFA. That is, Nf =
. the number of students who finished and Nd £ the number of students who
drop. Ildeally, this information would be available for both of the two
levels in the MBA program. However, such records are not available.
Theretore, the output respresents sn aggregate output where Nf is _he

aumber of gradustes from the progras wvhile Nd represents the number of

students who started their MBA educstion but have never finished. They

dropped out at some unknown point of time in the two-year program or at

least subsequent to their entering the programs.
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Inputs

The first input used in the UofU,MBA modeling is the number of
students (NS). It is measured in precisely the same fashion as NS for
the USAFA. The second varisble input, Score (SC) measures entering
class characteristics just as it did in the USAFA data but the measure-
went i5 significantly different. Applicants fcr the UofU,MBA program
are required to take the Graduste Management Achievement Test (GMAT) and
submit the results to the university when making application. The
results of the GMAT are then used in conjunction with undergraduate
scholastic efforts in the formula

SC = (undergraduate GPA x 200) + GMAT.

The SC used for each time period in this study is the sean SC, just as
with the other dsta set.

Range (RS) again represents the difference between the highest SC
and the lowest SC for each entering class. In lieu of the PN and LD
measures used for the USAFA study, the average age (AA) of each entering
class is used to round out quality of class characteristics. No insti-
tutional inputs are used with this data set.

The primary reason for the change in the number of variables used
with the UofU,MBA data is the shortage of observations. Adequate
records for the principle two-year program begin in 1970, and data were
only available to 1976. However, the input variables used provide
description and measure output in two of the three general areas as do
those for the USAFA; i.e., scale of operation and class cheracteristics.
All institutionsl input was osmmitted. The raw data for the UofU,MBA is

presented later in Chapter IV.
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Analyses
As previously atated in Chapter I and again in Chapter 11!, this

dissertation employs the use of subjective or Bayesian etatistical
analysis. The first portion of this section provides a descriptive
introduction to Bayesian econometrics beginning with probability theory
and then transitioning to linear models while the later portion de-
scribes the analytical thought process which evolved as the specific

statistical techniques and methods were employed.

Bayesian Statistics
The modern birth of subjective statistics occurred in 1954 with the

publication of The Foundations of Statistics by Leonard J. Savnge.lz

Certainly not all will be specifically referenced here, but since the
publication of Savage's book, many other statisticians have written on
the use of subjective statistics. Among them are DeGrott (1970), de
Finett: (1972), Kyburg and Smokler (1964), Lindley (1956), Leamer
(1978), Zelloner (1971), and Larsoa (1982). All of these authors follow
the initial thrust of Savage.
The difficulty in the objectivistic position is this. In
any objectiistic view, probab lities can apply fruitfully
only to repetitive events, that is, to certain processes; and
(depending on the view in question) it is either meaningless
to talk about the probability that a given proposition is
true, or this probability can be only 1 or 0, according as the
proposition is in fact true or false.
[Savage, 1972, p. 4]
Jeffreys (1961, p. 401) uses differeat words but evokes a similar
meaning wvhen he says, "No probadbility . . . is simply a frequency. The
fundamental idea is that of a reasonable degree of belief, which satis-

fies certain rules of consistency and can in consequence of these rules

be formally expressed by numbers . . . ." Thus Jeffreys introduces o
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subjective probability theory with probability being regarded as repre-
senting a degree of reasonable helief rather thau a frequency.

An essential element of the subjective theory approach is Bayes'
theorem. However, Leamer (1978, p. 23) points out that, "What dis-
tinquishes Bayesians from non-Rayesians is not their acceptance of the
conditional probability rule hut rather their willingness to apply it to
events A that clearly admit no frequency interpretation.” In proba-

bility notation, the Bayes theorem is expressed as

[22] p(y,8) = p(y|8) p(8)
= p(8ly) ply)

and thus

[23] p(oly) = ply}@) p(8)

ply)

with p(y) # 0. This Jast expression can be written as
[24] p(8ly) = p(8) ply|8)

vhere @ denotes proportionality; pt(8,y) 1s the posterior probability
density function (pdt}, for the parameter vector 8, givenp the sample
information y, p(y|8), viewed a3 2 function of 8, is the well-known
l1kel1hood funrl;on,l‘ and p(B) is the prior pdf. In words, then, the
posterior pdf 1s proportional to the prior pdf times the likelihood
eltxnator.l

The transition trom this uaderstanding of Bayes’ theorem and the
posterior pdf which follows therefrom to the application in the linear :
snde) 18 not very difficult However, due to the notation involved, the
specifics of the subjective posterior distribution of the linear m el

are presented 1n Appendix D Suffice to say here that the subjective or
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Bayesian view of statistics provides a posterior estimate of the distri-
bution on the B-coefficients. That posterior estimate has a mean which
18 a weighted linear convex combination of the prior mean and the maxi-
mum likelihood location with the weights being proportional to the
precisions of each.

The weighted combination used in the development of the posterior
estimation of B is especially useful when the data are "weak.'" Weak
data may be a result of few observations or it may also be the result of
poorly specified models. Since the USAFA has been in existence but 29
years and only 23-26 observations are available for use in this study,
the role of subjective econometrics becomes even larger in providing

meaningful estimates of the B-coefficients for the specified models.

Analytical Processes
This portion of the chapter is a description of the analytical

thought processes which evolved as the specified statistical techniques
and methods were employed. Specifically, Appendix D covers multiple
linear regression and subjective statistical theory while Appendix G
presents a brief yet thorough discussion of solutions to the problems
which arose when the data did not conform to the assumptions which are
inherent in the statistical technique employed. This section of the

chapter is further subdivided according to the two sets of data, even

k

though there are many similarities between the two sets.

USAFA

3 with the elicited prior o-

To make the USAFA dsts compatible’
pinions of experts, multiple linear regression (MLR) techniques were

modified to force the constant value to be nonexistent and the total
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explanation of varistion to be swallowed~up in the estimsted parameter

values. The mode]l now appears specifically as
{25) "d = blns + azsc + a3Rs + s‘PH + psw + B6FQ + 57!1: + aasr +te,

with the expectation that B’. ﬁ3. ﬁ7, and 68 would have positive signs,;
that is, the respective independent variables have a positive effect on
the pumber of students who drop. The number of students in & class (NS)
is almost certain to have a positive influence on Nd. The statistical
question becomes one of proportionality. Perhaps the cliché "misery
likes company” best explains the expected positive sign on B3 for RS. A
more academically homogeneous group (interpreted by a reduction in RS)
would then result in fewer dropouts because fellow classmates feel the
aame pressures and do not feel "alone." There is more of a feeling of
identity, both with the university and with fellow students, and as
indicated in Chapter 1] under the section on attrition, less likelihood
for dropout. Less student-faculty interaction is offered as the single
most critical explanation for the expected positive signs on both 87 and
88. In theory at least, a student is more likely to react with someone
more nearly contemporary than someone else, say from the preceding
geaerstion. And the sign associated with SF presupposes that a 1:1
relation is more productive than 2:1 or &:1.

The expected negative sign of ﬂz associsted with SC was debated by
various authors writing on attrition. However, in the general context,
a more scademically prepared class, as evidenced by s higher SC, would
likely hsve fewer students drop from the program. Each of the remsining
coefficients, B‘, ps. aand 56' could reasonadbly have either positive or

negative signs. Adequate justification could be presented to support
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either sign. However, from the perspective of the USAFA, both BA and ﬁs
should be negative to justify the policy of using PH and LD as ad-

sittance criteria when faced witn increased attrition, especially 1f

either of them is discovered to be a statistically significant determi-
nant of attritiom.
The general result of building a model like equation (25], void of

the constant, is a reduction in the multiple Rz value, that is, a small '

portion of the explained variation becomes unexplained while totsl
variation remains unchanged. However, the overall result could be
interpreted as a much richer description of the educationsl process
using the inputs outlined with no additional input values tied to a
nondescriptive constant value. All models were developed void of the

constant value,

The next item of concern was to insure that all assumptions had
been met. (See Appendix D for a list of those assumptions.) Three of
the critical ones are, (1) that no exact linear relationship exists
between any two or more of the independent input variables, (2) the
error term has a constant variance, and (3) that the errors corre-

sponding to different observstions are not correlated. The first as-

AR A 00 I A T 020 5 e gy

sumption was easy to test and the data conformed. The second was tested
by plotting the squared residual values versus each of the independent
verisbles and against time and making s visual examinstion to determine
whether the residual term did in fact exhibit constant variation. Based
on those visual observations, it was determined thst heteroscedasticity
was not a problem with the data snd the second assumption held true.

The third of those three major assumptions did not fall so easily

into place. On four of the five models developed (sophomore, jumior,
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senior, and sggregate) the Durbin-Watson statistic indicated that serial
correlation among the error terms may be a problem; at least the sta-
tistic was such that serial correlation could not be ruled out. And in
three of those models (sophomore, senior, and aggregate) the form of
that possible correlation was negative.

Serial correlation is a condition, usually present in time-series
data, where the error term from one time period is related to an error
term or terms from closely associated time periods. In the junior model
under study, that association which could not be definitely ruled out
was positive in nature, while in the other three models it was a nega-
tive relationship. The freshman mode]l was the only one to effectively
rule out that correlation. The negative serial correlation in the
msjority of the models may be explained by overcompensation in the
opposite direction. That mesns a high dropout rate this year will be
associsted with a low dropout rate next year. (This presupposes that a
university has a great deal of control over who drops and who stays.)
This process continues but obviously within certain bounds.

Pindyck and Rubinfeld (1981, p. 153) commenting on serial corre-
lation, say: '"As a general rule, the presence of serial correlation
will not affect the unbiasedness or consistency of the ordinary least-
squares regression estimators, but it does affect their efficiency.”
Therefore, the Hildreth-Lu procedure (see Appendix G) was implemented
to atone for the loss of efficiency. The models so corrected take the

form found in equation (26].

(261 (Y, - Y, ) = By(X;, = oK) ) ¢ B(Xy, = pKy () ¢

(e, = peg_))-
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The models requiring correction (sophomore, junior, senior, aad aggre-

gate) now sppear as

{27} (Nd - de ) = ﬁl(NSt - pNSt_l) + BZ(SCt - pSCt_l) + ﬁ3(RSt -
PRS, _\) *+ B, (PH - pPH _.) + B (LD - pLD _.)

- psrt_]) + (ct - pe. ).

t-1

The classical results, after correcting for correlation where necessary,
are presented in raw form at the beginuning of Appeandix H.

Following the development of the classical models as indicated by
equation {27]), the attempt was made to develop a more explicit classical
wmode]l of the major determinants of attrition through the use of stepwise
regression. "In stepwise regression one sdds varisbles to a model to
maximize R2 or equivalently to minimize the error sum of squares (ESS),"
(Piadyck and Rubinfeld, 1981, p. 93). MHowever, the results of such a
stepwise regression have to be carefully interpreted.

While stepwise regression can be useful in helping one to
look at dats whean there are a large number of possible ex-
planatory variables to include, it is of little or no value
when one is sttempting to analyze a model statistically. The
reason is that t and F tests consider the test of a null
hypothesis under the assumption thst the model is given cor-
rectly, i.e., correctly specified. If we bave searched over a
large set of variables, selecting those that fit well, we are
likely to get significant t tests with great frequency. As a
result, the lerge t statistics do not allow us to reject the
null hypothesis at a given level of significance.

(Pindyck and Rubinfeld, 1981, pp. 93-4}

The classical results of the stepwise regression are included as part of
Appendix H.

After all classical results were obtained, the elicited opinions of
three individusls closely associsted with the adaissions process st the

6

academy were avcu.ed.l The aversges were used with the MLE results in
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the previously specified weighted fashion to obtain the posterior
distribution of the ﬁi‘ That posterior distribution of the B vslues is
a t-distribution with the location specified by the posterior B values
found in the last section of Appendix H. It is precisely that posterior

distribution upon which many of the conclusions of Chapter V are based.

UofU,MBA

The UofU,MBA mode]l is explicitly given as

[28) N, = aNs + o

d SC*G3RS’G

AA + .

2 4

The raw data are presented in Table 10.

Chapter Summary

Chapter [V has been a presentation of the input and output varia-
bles used in this dissertation. Definitions were provided and measure- °
ments of the variables described. The chapter concluded with a section
on the analyses which were performed. A major portion of that section
was devoted to a description of Bayesian (subjective) statistics and the

role that Bayes' theorem plays in arriving at a posterior pdf, or in the

Table 10"--Raw Data for UofU,MBA Program

Year Nd NS SC RS AA

1970 52 98 1079.234 499 26.557
1971 49 78 1099.577 462 26.654
1972 63 85 1090.877 639 27.357
1973 36 75 1110.227 39 26.160
1974 43 17 1113.581 473 26.416
1975 40 78 1131.513 449 26.115
1976 n 65 1162.609 in 26.344

®Data were extracted from University of Utah records by personnel
sssocisted with the MBA staff. It wvas provided this author in raw form
on an individusl student basis and vas further condensed to represent
class data os it appears here.
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case of the linear model, the posterior distribution of the B-coef-
ficients. A word of caution is paramount at this point, and that is--
the posterior B‘ are not meant to be observable characteristics which
describe the real world. Instead, they represent the author's opinions
about the observable and measurable inputs and outputs of the particular
university under study. Therefore, great care must be exercised in
drawing conclusions and the inference which those conclusions have for

other institutions as regards to attrition from universities.
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Notes to Chapter IV

1. The USAFA Office of Research (RRE) made available all infor-

mation of a data nature. Most was extracted from United States Air
.. Force Academy, Stetistical Summaries of USAFA Cadets and Graduates,
' Colorado Springs: USAFA/RRE, June 30, 1983. Other pieces not available
ia that publication were taken from data maintained by RRE on the
characteristics of entering classes at the Air Force Academy. Data
for the UofU,MBA program were collected by personnel associated with
that progras and taken from school records and personsl student files.

2. Although not performed specifically for the effect upon at-

} trition, Lawrence W. Keany, "A Model of Optimal Plant Size With An
Application to the Demand for Cognitive Achievement and for School
Size,” Economic Inquiry, April 1982, XX, 250, found that the scale of
operations as defined by school size is an important factor in measure-
sent of student achievement. For that reason, &csle becomes a question
of interest in examining attrition at universities. See also: P. A.

. ¥Watt, "“Economies of Scale in Schools: Some Evidence from the Private

Sector,'" Applied Economics, 1980, 12, 235.

3. See Clinton I. Chase and L. Spencer Barritt, "A Table of Con-
cordance Between ACT and SAT,” The Journal of College Studeat Persounel,
March 1966, 7, 105; and Oscar T. Lenning, Predictive Validity of The
ACT Tests at Selective Colleges, ACT Research Report No. 69, Iowa City:
ACT Publications, 1975, 1. The latter work also contains the results
of a case study comparing results of entering students who took the SAT
with those who took the ACT at the USAFA during the 1967 - 1969 freshmen
years. The conclusion of that case study was that the ACT is as pre-
dictive as the SAT for predicting student success at a selective uni-
versity. See pages 5-10 of that report.

S g

4. See The United States Air Force Academy--Questions and Answers,
1983, 1.

S. See "Preparation,” 1981, a pamphlet prepared by the USAFA and
sent to all potential enrollees of the Academy. Physical refers to the
strenuous body-building activities while leadership takes in a host of
aress such as high school student government, scouts, snd membership in
commsunity organizstions.

A
N
4
x
i
3
b

6. 8See The United States Air Force Academy Catalog, Colorado
Springs: Admissions Liason Office, 1983-4, 93. The yearly published

catslog contains informstion on all requirements for admittance to the
Academy .

7. See the educetional production function studies which were
referenced and reviewed in detsil in Chapter ]I and Appendix C.

8. See The United States Air Force Academy--Questions snd Answera,
1983, 22. Also see all editions (1956 - 1984) of the iastitutional
catalog which lists individusl faculty members along with their re-
spective scholarly accolades.
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9. Steven T. Bossert, Chairman of the Educational Administration
Department at the University of Utah, feels that the student-faculty
ratio is a poor measure of that interaction. In an oral interview with
the author, he expressed that perhaps a better messure of pupil-in-
structor contact would be class size as defined by the number of
students in each class being taught.

10. See Catalog, (1983-4), 50; also Questions and Answers, 1983,

20.

11. This preuniversity training is military in nature. All pro-
spective cadets go through this training which might well be likened to
basic military training which all service inductees receive. Even
though there is considerable attrition from this part of the cadets'
program, this effort only focuses upon attrition from the univeristy
subsequent to the Basic Cadet Training (BCT) as it is called.

12. The first alternstive to the objective view that probability is
s physical coacept such as frequency, was enunciated by James Bernoulli,
1713, in Ars Conjectandi. He said that probability is a "degree of
confidence.” Savage made the first publication of his work Foundatioas
in 1954. Subsequent to that time he reevaluated his position somewhat
and reconsidered the appropriateness of sany frequentistic spplicatioans.
The second edition was then published in 1972, not appreciably changing
his first publication, but adding sore recent developments, a new
preface, new footnotes, and s supplementary 180-item, annotated bibli-
ography. Savage asserts that "the foundstions are the most coatro-
versial a subject as one could name.” (Savage, 1972, 1)

13. Usually the likelihood function is expressed as 2(6 ) y) to
emphasize that it is not a probability density function (pdf), whereas
p(y|@) is a pdf for the sample observations y given the parameters 0.

14. For a treatment of this extremely critical facet of Bayesian
econometrics, see Arnold Zellner, An Introduction to Bayesian Inference
in Econometrics, New York: John Wiley & Sons, Inc., 1971, 13-57; or
Edward E. Lesmer, Specification Searches, Ad Hoc luference with Noa-
experimental Data, New York: John Wiley & Sons, Inc., 1978, 22-40.

15. Compatability referred to here is for matrix algebra purposes.

16. Several methods currently exist for reconciling the differences
between elicited opinions of two or more experts. Omne such method is
"Delpbi," s technique developed for the military by Rand Corporation.
See Dalkey and Helmer (1963), Gordon and Helmer (1966), Gordon (1968),
Dalkey (1968), snd Linstone and Turoff (1975). Another form or alterma-
tive, also developed dy Rand is "Delphi Method 11." See Brown et al.,
(1969). Both of these methods were created to ameliorate difficulties
associated with face-to-face task groups. Delphi is a forecasting
sethod which makes use of subjective probability theory and which is
designed to depersonalize or reduce personal sources of bias in pre-
paring forecasts. It provides a system for combining expert opinions
into a group comsensus of probabilistic events. Much has been written,
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both pro and con, on the Delphi Method. See Sahal and Yee (1975),
Nelson (1975), Spangler (1976) and Bunn (1979). Due to some of the
problems inherent in Delphi, Ford (1975) developed an alternative to
Delphi called "Shang Inquiry" and Brockhaus (1975) developed POSTURE, a
Policy Specification Technique Using Realistic Environments. Perhaps
the most critical approach to Delphi, however, comes from Morris (1971,
p. 6) where he writes, "...the most succinct way to characterize Delphi
from our point of view is as a clasrical statistics treatment of an
inherently Bayesian problem." Most of the techniques mentioned are
primarily concerned with the opinions of experts in forecasting for
policy formulation or taking some action based on those opinions.
Because this dissertation utilizes the subjective opinions in a weighted
fashion with maximum likelihood estimators in an attempt to explain
rather than forecast, a simple average of the three elicited opinions is
used in this study in lieu of Delphi or any other group consensus tech-
nique.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Introduction

This final chapter contains the results and conclusions of the
study on the two data sets. In all cases, results are pregented in
table form (either in this chapter or in Appendix M) for all levels of
the study for which specific models were developed. However, following
the macro approach which was previously specified in Chapters I aad III,
and for which a university shows wajor concern regarding attrition, the
emphasis is on the conclusions for the aggregate model even though
individual models are discussed. During any given academic year, the
undergraduate university has students enrolled in all four levels and
attrition can occur from any one of those four. Hence the interest for
policy plaaning should be focused on the determinants of attrition from
all four levels simultaneously--the aggregate model. In presenting the
conclusions, specifics are offered and the care spoken of in Chapter 1V
is exercised as implicetions are drawn for both the classical and sub-
jective statistical results. Additionally, recommendations are givem.
These fall under one of two categories, recommendations based on the
findings deacribed herein and recommendations for further study in the
area of stirition from universities, the latter having its own section.

The chapter is dravn to a close with a study and chapter summary.
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General

The result of applying joint product production theory to insti-
tutional output for universities is most interesting. It is strongly
believed that the results are sufficiently positive to suggest that the
same method be put forth as a possible way of researching all output of
a unjiversity, including research and community service. Perhaps such
efforts could use the tri-level output measures themselves as the joint
output with various combinations of iaputs, tollowing the examples of
Chizmarc and Zak (1983). But, what is it that allows one to conclude
positive results? It is imperative that that question be answered
within the realm of the classical and subjective statistical results

respectively.

Classical Results

One of the most striking results of the maximum likelihood esti-
mator equations is the value of the adjusted R2 for each model. (R2 is
defined as the percentage of variatiou "explained" by the linear re-

lationship depicted in the model developed.) When estimating the number

of students who will drop out, the adjusted Rz took on values of .92 for g
freshmen, .90 for sophomores, .56 for juniors, .44 for seniors, and .89 £
wvhen calculated on the aggregate. When the estimation is accosplished
for the number of students who finish as expressed by equation [16], the
slternative equation for the joint product output, the relationship
exposed in {17'] is numerically derived (see Chapter III) but the ad-
justed R2 is significently different from that associated with the
respective 'd equation. The adjusted Rz values for each Kf model are
presented in Appendix H along with the statistical information for the

2

estimeted ld sodels. R” values for If were .992, .993, .990, .998, and
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.996 for the freshmun through aggregate models respectively.

All of these R2 values are for models which are "good fit models,"
statistically speaking. The degree of statistical significance is
determined by the F statistic which is presented as a part of the
classical results in the tables of Appendix H. The F statistic can be
used to test the significance of the R2 value. In all models, the F
value was large enough to conclude that R2 wags definitely greater than
zero. Strictly speaking, the F statistic is s summary test of the
hypothesis that none of the independent variables helps to explain the
variation of the dependent variable ahout its mean. In other words, the
F statistic tests the joint, null hypothesis that B1 = BZ = ... 68 =
0. 1If the null hypothesis is true, one would expect Rz. and therefore
F, to be close to zero. The relatively high values of Rz and F for the
developed models provide rationale for rejecting the null hypothesis and
concluding statistically significant models with one or more Bi differ-
ent from zero. A discussion oo which specific inputs are statistically
different from zero is reserved for the next section. However, the
signs of the coefficients (positive or negative) are an important part
of the classical model results.

There was not s single input variable which maintained a con-
sistently positive or negative sign throughout all five models. All
signs from each of the models are presented in Table 11. As equation
(17'] sbowed earlier, all of the Nf coefficient signs, except that
associated with NS, are reversed; i.e., if the sign is negative in Table
11, it is positive for the N( equation; but of identical magnitude. In
examining the coefficient signs and making a comparison with the ex-

pected signs as expressed in Chapter IV, it is essential to proceed in »
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. Table 11--USAFA Hodels' Signs of Ny Coefficients
o f_' D
1 Il
SC (-}-] (-)1-} (+)[+]) ‘+)1+] ($)-1]
RS (=311 )1+ (-)(-] (+)1-] (-)1+] |
PH (-){-1] (#)1-1] (-)+] (-)]+] (-)1-) ‘
LD ($)1-1] (-)1{+] (»)1-] (-)f-) (-)[+]
FQ (-){o} (-){o} (+)[0) (+){0] (=) [0}
FE ($)1-] (+)[+]} (-)[-] (-)1-] (+)[+]
SF (+)l0] (+)10] (-)1o] (-)[0] (+)[0]

2For ease of mterpretatwn. the MLE sign is included in (parentheses)
and the prior opinions sign is in [brackets]. The signs on the sub-
jective posterior coefficients depend on the weighting (r ) used. See
Tables 3] and 32 in Appendix H.
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coefficient by coefficient manner in conjunction with the magnitude (how
largze in a positive or negative direction) of each coefficient. Such a

step by step comparison follows in the Subjective section.

Subjective Results
An astute observer of the traditional numerical results alone may
conclude that only one or two input coefficients are statistically
different from zero. However, such a statement implies some standard
level oi statistical significance--usually 5 percent. Subjective econo-
metrics takes an altogether different view of the hypothesis testing
routine.1 Basically, all coefficients become statistically significant
at some level of willingness to accept the fact that the null hypothesis
was incorrectly rejected. (See Appendix [ for an indepth explanation of
Type I and Type II errors along with a definition and explanation of the
power function.) But in accepting the fact that the null hypothesis was
incorrectly rejected, the power of the test is increased.
1f the researcher did not have strong a priori thoughts or opio:ions
about the variasbles included in his model, he wouid not include thes
It is neither surprising nor unwarranted that a large
informative sample leads to the rejection of the hypothesis.
One, in those circumstances, should trouble himself not with
the results of classical hypothesis testing but rather with
the question of why he bothered to test a false hypothesis in
the first place. As it turns out, hypothesis testing does
have some validity, even when a restriction is practically
certain to be false. . . . we are thus concerned with situ-
ations in which classical hypothesis testing has an unambigu-
ously legitimate function.
{Leamer, 1978, pp. 89-90]
Model specification is itself, then, often subjective by nature. More

specifically the coefficient values themselves are declared statisti-

cally significant based on a subjective willingness to accept a larger
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Type 1 error. With that brief introduction to the importance of sub-
Jectivaty, implicit in classical analysis, the step by step review of
coefficient values and signs can be accomplished.

The coetficient sign attendant NS appeared positive, as expected,
in four of the five models. The fifth model was for the senior year.

It 1s of importance to note that the senior NS coefficient is the only
one associated with NS which does not appear statistically significant,
even to the a = .40 level. All other NS coefficients were significant
at the u = .05 level. (The conclusions, as they apply to all inputs,
for university policv 1mplementation are reserved until later in the
chapter.)

The sign of the SC coefficient was not ss consisteant as that of NS
nor was 3t consistent with the expected negative sign. It only appeared
negative in the freshman and sophomore models but neither of those two
coefficients was statistically significant at any level to a = .40. All
three positive signs appeared with coefficient values which were sta-
tistically significant to some specified level. The interpretation of
the positive sign 1is that an increase of 1000 points in class SC will
result in a significant (217-298) increase in Nd’ or equivalently,
approximately 20-30% of the increase in SC; i.e., if SC increases by ten
points while all other inputs are held constant, two or three more
students will drop from that class with the ten points higher SC, some-
time during the junior or senior year.

RS produced coefficients which were more f{requently opposite in
sign to that expected. Four of the five were negative with three of
those four being significantly different from zero. The senior model

had & significantly positive sign vhile the freshman model appeared
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insignificantly negative. In words, an increase in RS should theoreti-

cally result in a decrease in N, , by approximately 13-28% of the RS

d’
increase.

As previously indicated, PH, LD, and FQ coefficient signs could
justitiably be expected to be either positive or negative. In the case
of PH, four of the five parameter values were negative with three of
them being statistically significaant at a = .40. The junior model
parameter was the negative, insignificant one while the sophomore model
produced a positive but insignificant coefficient. Neither LD nor FQ
exhibited much 1n the way ot statistical contribution to the model.
However, the FQ coefficient was significantly negative in both the
sophomore and aggregate models with a specified a = .20. As for the FQ
contribution to the model, a one perceant increase in FQ should result in

a decrease of 3-4 persons in the N, dependent variable.

d
Both FE and SF coefficients were expected to have positive signs,
and in three of the five models, both had positive signs. The negative
parameter values occurred in the junior and senior models for both
variables. The most notable ditference between the two variables is the
consistent statistical importance of FE and the lack of such consistency
in SF. The significance of the FE coefficient creates a situation which
could be termed paradoxical. That is, an icanrease in FE by one year
will, in theory at least, result in increased Nd by 14-23 students
during the freshman and sophomore years. However, that same increase in
FE results in a decreased Nd of 7-16 students during the junior and
senior years. The inferences for USAFA policy of such a paradoxical

situation are reserved for the subsequent section on USAFA Conclusions.

The SF coefficient was found to be significant at o = .20 in the
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sophomore model and at @ = .40 in the aggregate model. An increase of
the SF ratio by one, i.e., from 10:1 to 11:1, will theoretically result

in an increase of 2-6 N, students.

i o . .
' All subjective posterior coefficient estimates are in agreement
with the preceding paragraphs on the subjective interpretation of
classical results. (See Table 31 in Appendix H for posterior paramseter

estimates.)

The major hypothesis tested in this dissertation was stated as

being an empirical test of the joint product methodology put forth.
Although no comparison was made between the joint product output as
defined herein and a single output equation, the results of the joint
models are statistically positive enough to conclude sound methodology.
A comparison is not required directly. The literature reviewed in
Chapter Il showed that a university's output is multi-product. The
major hypothesis here was that a joint product production function would
satisfactorily measure the joint products. The results are sufficiently
meaningful in that every model developed proved to have variables in
each of the three apecific areas studied, scale of operations, student
characteristics, and university or institutional characteristics which
were statistically significant coantributors to the model development.

? Conclusions other than the major one already stated are for the

specific dats sets and are covered under their respective areas which

follow here.

USAFA Conclusions
In every one of the five models developed and particularly in the
aggregate model, NS, representing the scsle of operations for the Air

Force Academy, was found to be statisticslly significant. (See Table

it armteibb
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12.) Thus fros the standpoint of policy with respect to current earoll-
ment l;velc, the oumber of students enrolled is of statistical im-
portance in its effect upon the number of studneats who drop. In an
effort to determine the extent and direction of that significance, »
classical regression rep.esenting a cubical parabola was acco-plilhed.z
A general graphic presentation of the USAFA models, using the cubical
parabolic form is presented in Figure 9. The data reflect that there
exists some local minisum snd maximum Nd for a specified NS level. To
precisely locate NS wbere the local minimum and saximum occur, the first
partial derivative of the Nd cubical equation was calculated with re-
spect to NS. The results, after checking to confirm whether each root
vas a oinimum or maximum, for each model are presented as part of Table
13.

When compared to the sctual oumber of students who have histori-
cally been admitted to the Academay (the last row of Table 13), the in-

itial conclusion is that the scale of operations, with regard to the

Figure 9. Typical Cubical Parabola for USAFA Data
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Table 12--Statistical Significance of USAFA Coefficients

Varisble  Freshman  Sophomore _ Jumior _ Senior __ Aggregste

NS .95 .95 .95 95" .95

sC .60 .95 .60

RS .60 .95 .60 .90

PH .60 .60 .60

w .60

FQ .60 .80 .80

FE .95 .90 .80 .80

SF .80 .60

2This significance is for the N_ equation.

f

Table 13--NS Values Where N

d is at a Local Minimum or Maximum

__Ns®  Freshman _ Sophomore  Junior ___Senior __ Aggregate
Minioum .37 .33 .39 .27 2.67
Maximua 1.44 -3.41 .93 .67 6.18
Historical

Average 1.116 .909 .792 .718 3.697

NS is presented in thousands.

——— -
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number of cadets, has been excessively large, i.e., NS was at a point
where the resulting Nd was greater than the local minimum. Thus NS was,
in effect, contributing to attrition. Table 13 also indicates that when
the total Academy (aggregate) NS reaches 6180, the local maximum N k6 will

d

be rrached and as NS grows beyond that point, N, would theoretically

d
start a decline. Caution must be exercised, however, because that scale
of operations in the cubical equation has never been experienced and
thus lies outside the parameters for safe extrapolation.

The key to the overall effect of scale on attrition is in the
explicit academy goal (as previously established in Chapter 1) to pro-
duce 1000 graduates. The cubical model for seniors indicates that Nd
for seniors will be extremely low when 1000 or more cadets begin the
senior year. Of course, students have to complete the first three years
to enter the fourth, but once the attrition rates are theoretically
known for seniors, each respective prior level model can in turn be
developed and ultimately the optimum scale of operations derived for the
imitial freshman entering class. When used i1n conjunction with the
academy goals 1n that fashion, i1t is concluded that the scale of oper-
ations is too small, both for attrition and for the goal.

Of the four class characteristics aeasured, the most important
discovery dealt with the range of scores from the college entrance
examination for each class entering the institution (RS). The im-
portance of that variable input is in the sign attached to the coef-
ficient. As shown in Table 11, in all of the models developed except
the senior wode], the RS coefficient took on a negative (-) sign in the
drop (Nd) equation. That means if the academy admissions policy sllows

increases in the range of score for any given entering class over the RS
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for another class with comparable characteristics, the class with the
greater range is less likely to have a greater number of students quit
. at every step along the four year university ladder to an undergraduate
degree. In other words, the more heterogeneous (as measured by a larger
RS) a given class is as it enters school, the more likely it is to have
a higher percentage of the entering class complete. The negative sign
P 1s contrary to the expected positive sign as previously expressed in
Chapter 1V. Therefore, it is acknowledged that the exposed effect of
RS on Nd is counterintuitive.
Given that heterogeneity quality, it then becomes critical to ex-~
p amine the effect of the magnitude of coefficient values of the remainder
of class-characteristic variables in conjunction with the signs attached
to the respective coefficients. Of the remaining three class-charac-

teristic variables, the most significant was score (SC). The positive

(+) sign attached to the aggregate level coefficient of the "d equation,
theoretically indicates that if the overall entering class SC were in-
creased, the number of students who quit the academy would also in-
crease. Of course, this result is contrary to reason, to the expected
sign of the coefficieat attached to SC, and to the desires of a uni-
versity to admit better academically prepared classes. However, it

does provide some evidence in support of the finding of Iffert (1958)

%
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E

that 30.5% of those in the top fifth of their bigh school class and who
go on to college, drop. (See Appendix B for a review of the [ffert
study.) This finding also agrees with Cope and Hannah (1975, pp. 104-5)
vhere they stress other factors besides high SAT or ACT scores for
college admission. In addition, the negative coefficients on the fresh-

msn and sophomore models theoreticslly indicste that s decrease in SC
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will result in increased Nd during those two years and fewer Nd in the :
junior and senior years.

This has the effect of having dropouts occur

earlier in the program and thus keeping cost per dropout lower thasn if
they drop as juniors or seniors.

Thus, entrance exam scores, as messured by the entering class
average SAT or SAT-equivalent score, can be predictive, not of the
individual's dropout behavior but of the overall class dropout behavior

However, the most important aspect of SC comes when its conclusions are

combined with those of RS previously described. The results of the
! USAFA data study indicate that a class which enters school with a lower

Class mean on the college entrance exams and which is not quite so
closely grouped, or more heterogeneous, as measured by the range of

scores on the same examination, will likely lose fewer students to
attrition.

The other two class-characteristic variables lag somewhat behind RS
and SC for explanatory power. The physical (PH) measure provides pre-
dominantly the same results as those just described for SC in the fresh-
msn model. An increase in the class level of achievement in PH is most

likely to result in a decrease in the number of students who fall by the

wayside and drop out of the academy during the freshman, junior, and
senior years.

g
|

The sophomore year is an exception but is insignificsnt.

However, the lesdership (LD) variable, with a positive (+) sign attached

-
Ban e

to the freshman model coefficieat, is theoretically interpreted that an

increase in the class average LD score will result in an increase in the

nusber of dropouts from that class in the freshman year.

Temper that
with the fact that all other LD MLE coefficients are not statistically

different from zero and two of the three elicited expert opinions
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specified that LD as an inpat has no effect upon the number of students
who will finish. Certainly from s policy point of view, LD implicitly
appears as one of the least significant of the class characteristic
input variables in the aggregate model.

Of the three variables representing the institutional inputs of the
educational production functions, faculty quality, faculty experience,
and student-faculty ratio, Table 12 and the stepwise regression pro-
cedure both indicate that faculty experience is the one having the most
effect upon retention of students in the academy eavironment. When
looking at the freshman, sophomore and aggregate models, fewer students
are likely to drop from school during the years when faculty experience
i5 lowest. Because the measurement of the FE variable was defined as

"years of military experience,”" the interpretation of the signs (Table
11) on the coefficient attached to FE is that freshman and sophomore
students relate better to more contemporary jumior officers. As the
experience level of the faculty at the USAFA increases, the aumbers of
freshmen and sophomores who drop will increase also. This is a meaning-
ful argument for a policy of using military professors with less mili-
tary experience, and/or a more collegiate orientation in the lower di-
vision courses most likely taken by freshmen and sophomores. However,

lowering FE has the effect of increasing N, among juniors and seniors,

d
so the same policy paradox occurs when treating FE as already discussed
in 8C. By increasing FE, more freshmen and sophomores but fewer juniors
snd seniors will drop. The cost per dropout may be reduced by having
more cadets drop during the esrly years and fewer during the latter.

The last variable input measured, student-faculty ratio (S8F), did

not emerge as » very important factor. As Table 11 shows, an increase




*

gt

116
in the SF may be detrimental to retention rates, particularly in the
early years where the most significant SF coefficient occurs for the

sophomore model. The aggregate model, though not as statistically sig-

e i3 R o R LS T RN

nificant, supports the conclusion. The negative signs which do appear ?
are not of statistical importance. Therefore, smaller student-faculty
ratios are likely to result in decreases in the number of students who
drop.

Based on all of these findings, i1t is concluded that the joint
product educational production function 1s a valid method for measuring
output at the USAFA, particularly as that output applies to educated
graduates and educated nongraduates. The models indicate that the most
profitable areas for change in attrition are the scale of operations,
faculty experience, and two of the class characteristics, SC and RS. An
increase 1n scale of wmore heterogeneous studeats with a corresponding
increase in faculty, 1.e., SF ratio constaat or declining slightly,
could theoretically result in reducing attrition and subsequently re-
ducing the cost per graduate at the USAFA. More heterogeneous inputs
should be encouraged and where possible, the more diverse group of
students should be evidenced by greater spread at the lower end of the
spectrum whether that be for college entrance exam scores, a physical
conditioning sessure, or any other measure used for student admittance
criterion. It is reemphasized here that such institutional changes
wvill not insure the completion and graduation by a given student but the

overall completion rate can be improved.

UofU,MBA Conclusions
It was previously stated that the data for the UofU,MBA program

weuld be presented primarily for descriptive purposes. The primary




117
reason is the obvious lack of data. Table 10 in Chapter IV presented
the data. Teble 14 is a presentation of the results of perforwing the
aforementioned statistical routines. The results which are sost
obvious are the relatively high Rz value with its atteadant F-value, a
statistically significant negative coefficient with score (SC), and the
extremely important part which the average age (AA) plays in helping to
explain the variation of the nusber of students who drop. Contrary to
the USAFA results, the scale of oeprastions does not have a significant
effect.

Of the two significant inputs, AA appears more importsnt. ]t
appears that a younger class will have a better opportunity to complete
a higher percentage of the enrolled students. One possible explanation
is that older students (if they could be specifically identified as the

dropouts) may enroll in the two-year MBA course of study only to improve

Table 14--UofU,MBA Results (Nd)

Variables MLE Prior Posterior
Coefficient Opinion Coefficient
(SE) (x_ = .01)
")
NS -.0689 -.0003 -.0682
(.274)
SC -.2633 -.0600 -~.2613
(.071)
RS -.0165 .0569 -.0157
(.029)
AA 13.2704 3.4250 13.173
(3.961)
&2 .924
SEE 4.196
F-value 12.15%

Durbin-VWatsos 2.626
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their knowledge of business and not with the express goal of graduation,
vhereas, the younger students right out of undergraduate school may be
attempting to improve job opportunities and are thus more intent on
completing the coursework.

SC is also & significant factor, and the negative sign is more in
consonance with the sign one wouid expect on SC. That is, the sign
indicates that an increase in the class average score, as previously
defined in Chapter IV, will theoretically result in fewer students
quitting. The difference between the two data sets for this coefficient
sign could logically be explained by the hypothetical belief that aca-
demic achievement as mesasured by the respective SC is sore important to
a graduate program than to an undergraduste one.

Based on these results, which are in turn based on few data points,
the University of Utah MBA school can theoretically reduce the number of
students quitting the program by seekiang to have younger, more academi-

cally prepared students enter the two-~year program.

Recommendations for Further Research

The recommendstions for further research which have evolved from
the results of the dats study of this dissertation and from questions
encountered during the research phase, basically fit iato four catego-
ries. The first two are geners] in nsture and could logically be stud-
ied at any university or college. The third ares applies to the study
of universities which fit into a certain category~--those which screen
csndidates snd recruit students. The final area applies to service
acadenies in genersl and the United States Air Force Academy specifi-
cally.

The results of the two data sets are sufficient to warrant further
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testing and application of the joint product educational production
functions for colleges and universities. It is recommended that such 1
testing, paralleling that used herein, be accomplished at a larger,
state operated university. [t 18 also recommended that future studies
explore the feasibility of usiag other indices of output measurement, :
including those previously mentioned: credit hours coampleted, grade-

point-average, a combination such as credit hours times grade-point- o

average, or number of students (finishing vs. dropping) times grade-
point-average times credit hours. Any one of these measures appears h
warranted because of the emphasis placed upon them by the colleges and

universities 1n the United States as well as that placed by potential

employers as they examine college records of applicants. Such studies

performed should provide valuable information to any umiversilty which is

concerned with reducing attrition. E
A further recommendation applies to any university which can afford
the luxury of recruiting or screening applicants for admission. Ex-
plicit cost functions need to be developed for the recruiting/screening
process in such s fashion that the magnitude of resources saved through
enlarging the recruiting process can be readily determined. This will
tesult in admitting students with more desirable class characteristics,
thus reducing attrition and ultimately the cost to the school, the
student, and other parties actively involved with the higher educational
process. The time, if not already here, is rapidly approaching when

many applicants, even though highly desirous, will not be afforded

college educational opportunities due to the lack of secondary school
preparation. Incressing the scope of the recruiting/screening process

can be most profitable under such circumstances.
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Personne]l at the USAFA should closely examine the political
procresses involved in admitting students to the Academy. As it was
emphasized in Chapter II1, many differeat student characteristics are
measurable and yet historical studies provide no basis for determining
whether or not a specific student, given certain characteristics, will
persist to graduation. Therefore, admission processes must be such that

‘ those applicants who contribute most to the critcal class character-

istics which are 1ndicative of a lower attrition rate be given every

opportunity to attend the USAFA.

Study Summary
This dissertation examined attrition at universities using a joint
product educational production function. Data sets from two sources
were examined using subjective statistical analysis techniques in an
attempt to discover the validity of the joint product methodology as

well as highlighting which if any of the input variables used were

critical in light of attrition rates at universities. The United States
L Air Force Academy was used as a primary source of data. The variables
employed were grouped so as to measure the scale of operations, input
characteristics of the particular group of students attending the uni-
versity, and technology of the institution itself. All inputs were
macro in that the emphasis was not on a given student, but rather on the
group to which the student belonged.

Chapter 11 presented a detailed review of the literature and the

work which has been accomplished on attrition and on the use of edu-

cational production functions. This effort, in effect, merges the two
portions of literature. Chapter 11l presented a step by step develop-

ment of the theory of joint product. And, because the joint output was
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selected to be educated finishers and educated dropouts with the total
number of entering students as an input, the explicit joint product
functions became single with the implicit joiat product function not
being directly estimated in this dissertation. Chapter III also out-
lined the specific methods employed while Chapter IV described the data
from the United States Air Force Academy and the University of Utah,
two-year Master of Business Administration program. A unique feature of
Chapter 1V is in the analyses where subjective, Bayesian econometrics is
applied for the first time to educational production functions. One
interesting facet of that technique is the process called elicitation
which is further developed in Appendix A. This chapter has been a pre-
sentation of the conclusions reached as a result of the two separate
data sets studied. Increasing the number of entering students, par-
ticularly in such a fashion that a more heterogeneous class of students
is enrolled, the dats indicate that numbers of educated dropouts can be
significantly reduced as a proportion of those attending the academy.

In addition, an increase in faculty experience, though having an adverse
effect upon freshman and sophomores, could be a cost-per-dropout-savings
factor in that fewer juniors and seniors would quit.

The UofU,MBA data revealed that age has a positive effect on the
number of students who drop from that graduate program. And, the level
of academic achievement appears to be more significant for graduate
program retention than for undergraduate programs.

The overall results were sufficiently positive to indicste that
sttrition can be successfully examined using joint product production
functions snd it is recommended that major follow-on studies be under-

taken.
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Noteg to Chapter V

1. In Edward E. Leswer, Specification Searches, New York: John
Wiley & Sons, 1978, 87-131, a comprehensive view of the subjective
approach to hypothesis testing is presented. Some of his work is also
included in Appendix 1. See Pindyck and Rubinfeld (1981, pp. 26-40) for
3 synopsis of the traditional views on this subject.

2. A cubical parabola is of the form Y = aX3 + bX2 + cX + 4. For
the purposes of this dissertation, N, = aNS3 + bNSZ + ¢NS + 4 + B, SC +
B.RS + a“PH + B 1D + B FQ + BFE + B.SF. Al}l elements to the right of
¢KS are considered pnr? of thz intergept. To pinpoint precisely the
location of the intercept, the mean value of sample inputs can be used
in conjunction with the respective coefficient and summed over all
elements contributing to the intercept value. The resultant cubical
parabola, descriptive over the relevant range of the academy history,
theoretically provides information on the effect of scale on the number
of students who drop (Nd).




APPENDIX A

ON ELICITATION'

One formal way of developing prior opinions about the parameters
(coefficients) of a model is to ask someone who is in the know about
such affairs as are under study. These are the 'experts' referred to in
the text. But when dealing with multiple coefficients such as the case
of multiple regression models, it is extremely difficult for an expert
to express opinions directly about each coefficient. This is even more
of a problem when the informstion desired is about the distribution of
those coefficients. The way around this difficulty lies in the follow-

ing mathematical relationships:

(29] E(Y[X, X ) = XEB, + XEBy + . . .,

2)

) ' 2 2
[30] V(Y[X, X,, X )= XS VB XT VB, # XU VB ¢ L L L

3!
2X1X2C(5132) + ZXIXJC(ﬂlﬁa) +
2
2X2X3(Bzﬂ3) + . . .+ oe,
where: E = expected value (elicited value in the case of Y)

ﬁi = coefficients,
V = variance,
C = covariance,
Xi = exogeneous variables,
Y = endogenous variable,
and the information sought is the Eai and the variance/covariauce matrix

of 8.
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A simple example illustrates. Suppose a» system under study has two
exogeneous variables and one endogeneous variable.

Using the relationships above yields:

]

(31] E(YIX,, X,)

(32} V(lel' X

X,EB, *+ X,EB,,
X3VB, + X3VB, + 2X,X,C(B B,) + e

2)
The questions asked of the expert are of the form: 'What is your ex-
pectation of Y given Xl = (some value) and X2 = (some value)?" Two such
questions, when answered, provide all that is necessary to bave a so-~
lution to equation {31], but how sbout [32)7? The first step is to have
the expert provide variance information, i.e., Y t r, about Y as the
questions are being asked. So, with four sets of questions.bci. [31]
and [32] could be solved. However, four responses provide an oppor-
tunity for the expert to become incoherent in the responses offered.
Because it is difficult for an expert to provide estimates on the
variance/covarisnce of the B terms, several possibilities exist as a so-
lution to this problem. The first is what shall be called "Leamer’'s
ellipse of all possible posterior expectations."2 The second is to
assume that the variance/covarisnce matrix = ogl; i.e., all covariance
terms = 0. If that is the case, the priors sodel can be made condition-
sl on oz and two sets of questions are all that would be required to
provide unique solutions to both [31) and {32]. Yet a third possibility
is to follow the procedures outlined by Zellner (1971, pp. 41-53) for
specifiying priors to represent "knowing little,” one of the most diffi-
cult and controversial aspects of the Bayesian spprosch to infereace.
That is the approsch used for the prior opinions elicited here. (See

Appendix D for the specific methodology.)
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The elicitation questionnaires used for both the USAFA and the

UofU,MBA are included for reference.

USAFA Elicitation Questionnaire

[ am doing research on attrition, through the use of an educational
production function, at institutions of higher learning. Would you
please take a few moments and answer the following hypothetical
situation questions based on your past experience with the educational
process? Your answers will be extremely helpful in this research
effort. An example of the desired format for the answer along with

definitions is provided before the situations begin.

Example:
GIVEN: DEFINITION OF GIVEN:
SCORE : 1000 The graduationg class (G.C.) average

on the SAT and SAT equivalent, sum of
all parts for the whole class upon
college entrance.

RSCORE : 950-1025 Range of G.C. scores on SAT or SAT
equivalent, upon college entrance.

LDRSHIP: 1600 G.C. Ave. of the leadership measure.

PHYSICAL: 500 G.C. Ave. of the physical measure.

NS: 1000 Number of students beginning school
with the G.C.

S/F: 8 Ave. student-faculty ratio for the
four yesrs the G.C. is at the
Academy.

F/Q: 30 Faculty quality as measured by the

percent of faculty who have a Ph.D.
degree. Averaged over the four years
G.C. is at the Academy.

EF: 8 Experience of faculty--measured in
years of military service. Averaged
over the four years the G.C. is at
the Acadesy.

P e
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YOUR The number of students you would
RESPONSES: expect to complete each year at the

Academy, given the characteristics
f specified above.

} FIRST 850 plus or SECOND 750 plus or
) YEAR: minus [0 YEAR: minus 10
THIRD 700 plus or GRAD: 675 plus or
. YEAR: minus 8 minus 8

The plus or minus has the following meaning: The range calcu-

lated by taking two times the stated plus or minus value captures the

actual number of students you expect to complete each year and subse-
quently graduate, (given those characteristics,) with 95% accuracy;
i 1.¢., you expect to be accurate 957 of the time when specifying that

i 659-691 of a class with those characteristics will graduate.

STTUATION

. ” P2 W3 46 #5 #6471 48
! SCORE : 1180 1225 1200 1210 1220 1200 1250 1235
i LDRSHP - 1600 1500 1450 1800 1700 1775 1500 1625
! G PHYSICAL: S00 350 625 550 600 750 650 575
¢ s 1000 1100 1400 1200 1250 1150 1300 1325

| N s/ 7 1.5 8 15 6 7 8 10
F/Q: 20%  20%  20%  40%  35%  30%  30%  33%
EF: 8 9 10 9.5 1 7 8 8.5

RSCORE : 800 725 740 680 095 710 750 700
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YOUR
RESPONSES :

FIRST
YEAR:

SECOND
YEAR:

THIRD
YEAR:

GRAD :

Are there any variables which you feel are irrelevant in every
si1tuation” 1f so, which ones?

Thank you for your time and effort in answering these questions.

UofU,MBA Elicitation Questionnaire
1 am doing research on attrition, through the use of an educational
production funct.on, at institutions of higher learning. Would you
please take a few moments and answer the following hypothetical situ-
ation questions based on your past experience with the educational
process? Your answers will be extremely helpful in this research
effort. An example of the desired format for the answer along with

definitions is provided betore the situations begin.

Example:

GIVEN: DEFINITION OF GIVEN:
SCORE : 1100 The MBA two-year graduating class
(G.C.) average of (GPA x 200) + GMAT,
upon entering the MBA program.

AGE : 23.5 Average age of students in the G.C.
when they started the MBA progras.

NS: 50 Number of students beginning school
with the G.C.

RS: 100 The range of SCORE for an eatering

class figured from the lowest to the
highest for each particular class.

iAW
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YOUR 47 plus or
. RESPONSE: minus 1 The number of students you would
expect to graduate from a class
! having the characteristics specified
l above.

The plus or minus has the following meaning: The range calculated
‘ by taking two times the stated plus or minus value captures the actual
oumber of students you expect to actually graduate, (given those char-

acteristics,) with 95% accuracy; 1.e., you expect to be accurate 95%

of the time when specifying that 45-49 of a class with those character-

istics will graduate.

SITUATION
" »? #3 '
SCORE : 1100 1050 1000 1150
G AGE: 22 23 23.5 24
: \lz NS: 40 50 45 48
' f: RS: 100 75 80 50
! YOUR
RESPONSES :
NUMBER OF
GRADUATES :

Are there any variables which you feel are irrelevant in every
situation? If so, which ones?

Thank you for your time and effort in answering these queations.
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These elicitation questionnaires were tendered to three persoanel
involved with the admissions process at the USAFA and to one at the

UofU respectively. The results follow in Tables 15 and 16,
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-: Table 15--Results of USAFA Elicitation
T T T N o T T TR for T T T N e T T
. Situation Exp‘rt #1 Expgrt #e Expgrt #3
‘ 1 800 800 750
700 700 650
650 650 620
620 600 600
2 800 950 891
725 875 781
675 800 748
g 600 775 726
}
‘ 3 1200 1300 1064
i 1100 1200 924
! 1000 1150 882
950 900 854
i 4 1050 1100 936
! 950 950 816
900 850 780
850 800 756
9 1100 1150 988
1000 950 862
900 875 825
850 825 800
d
i 6 1075 1000 874
1000 900 759
900 850 725
850 800 702
7 1150 1200 1105
1050 1050 975 .
950 1050 936 ;
900 1000 910 ,
8 1170 1200 1100
1050 1100 967
950 1000 927

900 950 901




.
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!
“{ Table 16--Results of UofU,MBA Elicitation ;
i N, for -
Situation E‘pert
1 25 :
2 30 )
1
3 20
4 32 A
i
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Notes to Appendix A

1. Much of the material for this appendix was taken from Joseph
B. Kadane, James M. Dickey, Rodbert L. Winkler, Wayne S. Smith, and
Stephen C. Peters, "Interactive Elicitation of Opinions for s Normal
Linesr Model,” Journal of the American Statistical Association, December
1980, 75, 845-54.

2. See Edward E. Leamer, Specification Searches, New York: John
Wiley & Sons, lac., 1978, 127-9.
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APPENDIX B

MAJOR STUDIES IN ATTRITIION
Some of the major studies performed on atirition were previously
reterenced an Chapter 1. They are addressed here 1n greater detail to
provide a4 teel tor the methodology employed as well as support tor the
conclusions on umversity attrition. One additional study, that by

Martin Katzman, 15 also 1ncluded here.

Astin (1975)

The Astan Study as amportant hecause 1t 15 one of the first on
sttrition rescarch to employ longitudinal design (a cross section of
time series data and the tracking of individual students over several
years) and utilize more than one institution.  Such longitudinal data
make possible the tomparison of environmental experiences of dropouts
and persisters and the use of a variety ot institutions allows exami-
nation of the possible 1mpact of nstitutional characteristics.  The
source of data used by Astin was 263,156 beginning freshmen students
selected at random from 358 two-year and four-year institutions in the
fall ot 1968. The follow-up was comprised of samples of 300 students
from each 1nstitute--approximately 101,000 respondents--i1n the late
swamer and tall of 1972. Of the questionnaires returned, 41,356 were
properly completed and subsequently used in the study.

The Astin-used reasons for dropping out of coliege were previously

presented 1n Chapter [l in Table 4. His major conclusion is well

3
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represented by the following statement and Table 17 which shows the
relationship of high school grades to subsequent persistence 1n coll ge.

The most "dropout prone' freshmen are those with poor
. academic records 10 high school, low aspirations, poor study
habits, relatively uneducated parents, and small town back-
grounds. Dropping out is also associated with being older
than most freshmen, having Prostestant parents, having no
current religious preference, and being a cigarette smoker.

By far the greatest predictive factor is the student's
past avademic record and academic ability. Next in importance
are the student’'s degree plans at the time ot college en-
trance, religious preferepce, followed by concern about
college finances, study habits, and educational attainment ot
parents.

{Astin, 1975, pp. 45-60]

Gustavus (1972)

The significance of the Gustavus study is in the attempt to intro-
duce student success as an ordinal concept. This concept is depicted in
Figure 10. For his sample he used students at Florida State University
during the Winter Quarter - 1970. He defined successful students as
persisters for four straight years of college; readmitted students as

Table l?“--Rclationship Between Grades and University Persistence

High School  DPercentage of Studeants Who

Average Grade Persist  Stopout  Dropout .
A or A+ 87 6 7
A- 82 7 1
B+ 77 8 15
: B 66 11 23
¥
. B- 62 13 25
v c+ 52 13 15
C 44 13 43

®Data extracted from Astin, Preventing Students from Dropping Out,
Table 5, p. 31.
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Dropout Readmitted Nondropout
tleast Student (most
successtul successtul)

Figure 10, Spectrum for College Coutinuation

tull-time students during the quarter under study who had been read-
mitted at the beginming of that quarter, had been out of school for at
least one quarter, and not yet recerved a collegiate degree;, and dropout
students as undergraduates who had wathdrawn formally at least two years
previously aud not been readmitted to any universaty. He accomplished
two comparisons, one on background characteristics and one on academic
motivation and vocational commtment. For background variables he used
age at matriculation, sex, father's occupation score, father's edu-
cation, mother’'s education, hometown size, and high school grade point
average.  lo this first comparison, only father's educational attarament
was found to exhibit any statarstical significance to the degree of
success,  The vartables tor the sevond comparison were divided between
academic and vocation.  Academic motavation ancluded student’'s expressed
attitude, number of reported hours per week spent studying outside of
class, and student plans tor graduate school, while vocational commit-
ment used two variables, whether or not the student had decided on a
major tield ot study when ftirst entering college and the number of
changes made 1n academic major.

His conclusions can be grouped i1nto three basic classes:

1. Very few differences were tound between successful students,
readmitted students, and dropouts with regard to background character-
1stics.

2. For lower classes (freshmen and sophomores), readmitted
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students were generally more academically motivated and vocationally
committed than dropouts.

Voo bor upper lasses, the same trend as an conciusion 2 was ob-

b TR AT A .

served bt the readmitted students were even more motaivated and com-

mitted than the persastang students.

Itfert (1998)

As with the Astin study, this veport has already received a great

deal ot discuscion an this Chapter 1. Ittert's report was designed to
address three separate questions.  First, what is the college dropout
rate 10 relation to type ot anstitution, economi status of family,
metaivation of student, academic performance, amount of student self-
help, participation in extracurricular actavities, and residence?

Second, what are the reasons for changing and dropping from college”

Third, what are the implications tor universities? The study was based

PUSTEpe—

on records and reports of students who entered college as full-time
freshmen an the fall ot 1950,

A total of 13,700 men and women trom 155 institutions were studied,
Some of the tindings have already been given. Others include:

1. A near majority, 49.1%, of the dropouts quit school before the ;
start of the seiond year. Another 27.0% dropped sometime during the é
second vear, leaving only 26.9% to drop during the last two years of
school .

2. The top 20% ot the high school graduating class contributes 42%
of «ollege enrollees and 32% of college dropouts. That means 30.5% of
those in the top fifth of their class in high school and who went on to
college will quit.

3. Referring to the students who graduate in the upper half of
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therr classes an the secondary schools in the tlnited States, he said,
"about one-half go to college on a tull-time hasis and about three-
tourths of them eventually receive a baccalaureate degree,” (lIttert,
1958, p. 99).

4. Every eftort to find an assocration of sufficient magnitude to
support the hypothesis that "the stronger a student’'s motiviiion, the
better are his chances of remarnming 1n vollege,” ftailed. This in spite

ot the tact that the hypothesis has been advanced by many writers

and has heen supported by evidence,” (lffert, 1958, p. 29).

Katzman (1971)

Though this study appears irrelevant to the problem addressed in
this dissertation, 1t 1s 1ncluded 10 the review of the literature for
one significant reason. That 1s the tact that his study was performed
as an educational production function where one output was retention of
stucents, thus establishing a possibility for future works using the
production tunction approach. His study was performed 1n Boston on
elementary school children trom grades two through si1x in all local
school districts. Three separate areas of output (AQ0) were used with
each area having two measures. One such AO was "holding power” with the
two measures being descrihed as the rate of average daily attendance and
the rate of vontinuation of elementary scheol graduates through high
school. These two measures represent retention of students. The i1nde-
pendent variables fit into one of three classes: (1) school expend:-
tures, (2) teacher and institutional inputs, and (3) social class and
racial variables. Using regression analysis techniques, he found that

elementary school resources and teacher inputs had the most significant

SN N
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impact on continuation of students through high school, (Katzman, 1971,

p. 60).

Y NP



APPENDIX C

DETATLED PRODUCTION FUNCTION STUDIES

This appendix detarls the works ot five authors or sets of authors
who have pertarmed a study on the economics of education through the use
ot an educational production function. 1t provides much greater detarl
than that sttributed to those studies appearing in Chapter 11 1n that
inputs, outputs, methodologies and results are provided, often 1n tabu-
lar torm.

Samuel Bowles (197())l 1s one of the many who have done further work
using data from the “"Coleman Report.” His production function was
developed using the data tor black students enrolled 1n the twelfth
grade during the tall of 1965. The variables he elected to use for the
empirical amplementation ot the model are depicted 1n Figure 11, A
total of thirty-si1x variables were tested for signiticance. His esti-
mate of the statistically signiticant portions ot the educational pro-
duction function appears i1n Table 18, He confirmed his own assertion
(which he readyly dutumvnled),2 that teacher quality, as measured by
Teacher's Verbal-ability Score, was the "single most important school
input . As an explanation for the small explained variance, Bowles
pointed to the failure to specify adequately a model of school achieve-
ment and also admitted to the shortcoming of failing to include some
important influences on learning, such as school policy or community
interest in support for educalion.’

The form and specification of the educational production function

IS | e e S o

G L T 9Py




140

DEPENDENT VARIABLE:
Verbal achievement test sco:e

INDEPENDENT VARIABLES:

.| Nonschool Environment

: Consumer durables in the home
Reading material 1n the home
Parent's educational level
Foreign language at home
lirbanism of background
Preschool attendance
Number ot siblings

i Family stability

General School Environment

Proportxon of students transfering in and out
i Number of twelfth grade students in school

Number of foreign language courses

Comprehensiveness of curriculum

Average time spent in guidance

Promotion of slow learners

Extracurricular activities

Accelerated curriculum

Number of math courses

Length of academic day

Amount of homework

Teacher turnover

Days in session

Tracking
Teacher Qualaty
! Quality of college attended Degree received
' Verbal ability score Experience
Socioeconomic status Localism
Nusher of abs nces Salary

Total pupils in school per total teachers in school

School Facilities
Volumes per student in the school library
Science laboratory facilities

B

Student Attitudes
Student sease of control over environment
Student self-concept

Figure 11. Variables Used by Samuel Bowles
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t Table 18" --Production Function Developed by Samuel Bowles
s Independent Variable 7 » i. k Cééf?{é!;n{ ii‘t§;§fgé '
I. Reading material iu the home 1.9284 2.5847
¢ <. Number of saiblings 1.8512 4.341
i, Parents’ educational level 2.4653 4.4660
$ 4. Pamily stabilaty 0.8264 1.6938
5. Teacher's verbal-ability score 1.2547 7.1970
) 6. Saience lab tacilithes 0.0505 2.5821
| “ Constant 19.4576 5.1887
R® 0.1708
IX"X] 0.6628
N 1,000
aI)evvlr;pmi fr;m daid 1ﬁ Bowles (leﬂ, Tnbl;li, p. 42).> | )
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developed using the Coleman Report data were further tested on two
different samples of 1,000 twelfth grade students each 1n the North and
the South. Both test samples along with the original production
tunction of 1,000 black twelfth grade students are 1ncluded 1n Table 19.

His conclusions are:

(1) The estimated eftects of different schools upon scholastac
achievement are quite Limited.

{23 A unittorm 1mprovement of 10% 1n all school 1nputs would raise
achievement hy 4. 7%.

(3) Though he feels his results are encouraging, he also declares
that we are stall a long way from estimating a satisfactory production
function due to the snability ta measure or the inadequacy of output
measures.

(43 The major contribution ot his production function was the
successtul identitication of o number of school inputs which do seem to
aftect student learning.

Jesse Burkhead, Thomas G. Fox, and John W. Holland (1967)4 con-
ducted a4 unitied survey of 39 Chicago schools, 22 Atlanta schools, and a
subsample of 177 schoals from the Project TALENT sample. The unit of
analysis was the individual high school within the large-city system.
Their study had a three-fold purpose. They proposed to examine the
allocation of resources and trace relationships between allocation
levels and the resulting outputs of the schools. They wanted to explore
and measure the influence of input factors on the output of public
education. And they suggested procedures for the measurement of input
and output relationships in public high schools. They examined Chicago

and Atlanta to determine the economic structure of education therein and

PR REDSOR ]

i P m




143 i

R e -—-”
R S

Table 197--A Comparison of Bowles' Developed Production Functions

Northern ' Southern

Original Test - Test %
Independent :
Variable Coef . t-value Coef . t-value  Coef. t-value :
1. Reading i
material n ]
the home 1.928 2.585 1.279 1.601 1.841 2.629
2.  Number
ot siblings 1.851 4. 341 1.660 3.700 1.794 4.438
3. Parents’
¢ducational
level 2.465 4.466 2.659 4.626 2.185 4.181
4. Famly
stability 0.826 1.694 0.899 1.675 0.823 1.858
; 5. Teacher's
! verbal-ability
score 1.25% 7.197 0.721 3.193 1.097 6.593
4
' . Science
‘ faboratory
faci1hities ).051 2.582 0.059 2.137 0.027 1.724
7. Days 1n
SESH 100 - - 0.189 1.971 - - .
Constant 19.458 5.189 -2.585 -0.146 20.373 6.247 %
2 5
R 0.171 0.090 0.196 a
i
» X' x| 0.663 0.730 0.519 :
N 1,000 1,000 1,000

aDeveloped from Bowles (1970, Tables 5, A.4 and A.5, pp. 42, 54, 55).
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then compare their findings with the interdistrict studies based on data
from Project TALENT.

In the 1961-62 school year, there were 103,509 students in average
da1ly attendance in 52 public high schools in Chicago. The 39 high
schools which Burkhead et al. examined were comprehensive in nature and
enrolled about 55 percent of all Chicago high school students. They
used four separate output measures: (1) a composite test score taken
from two administrations (one each in the fall and spring) of several
aptitude and reading examinations, (2) percentage of students employed
after school hours, (3) perceatage of students planning to continue
full-time education after graduation from high school, and (4) dropouts,
expressed for each high school as a ratio of voluntary dropouts to the

adjusted membership of the total studentbody.

Inputs consisted of status and school input and process variables.
The status variables were: (1) wedian family income, (2) median years
of education of persons twenty-five years old and older, (3) percentage
of population nonwhite, (4) percentage of high school students attending
nonpublic schools, (5) percentage of white collar workers in the male
labor force, and (6) percentage of housing classified'gs"dnéound.

School input and process variables inclqgedfyjii) building age,
substituted for the value of buildiqgsy'(ii.tcacher man-years per pupil,
(3) administrative man-years pcf'gﬂpil, (4) auxiliary man-years per
pupil, (5) textbook and library expenditures per student, (6) materials
and supplies expenditures per student, (7) an aggregate measure of
resource input--current expenditures per pupil, (8) average class size,

(9) percentage of students enrolled in vocational classes, (10) median

teacher age, (11) median teacher experience in years, and (12)
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proportion of teachers with M.A. or higher degrees.

Correlation analysis was employed with the primary result being
that test scores as an output proved to be the most amenable to analysis
with the particular model developed. Family income was positively
related to reading and verbal skills. Teacher experience and teacher
salary were both associated with positive outcomes. The outputs post
high school continuation and dropout rate were less susceptible to
analysis. When using the dropout measure, family income was a sig-
nificantly negative factor. The dropout rate was not associated with
the experience of the teacher, teacher’'s education, or student-teacher
ratios. The size of the high school was uniformly unimportant as an
educational variable in Chicago.

The general 1nstitutional characteristics of the schools in Atlanta
were similar to those in Chicago. Therefore, they attempted to use the
same model as had been used in Chicago with as few changes as possible.
0t the twenty-two Atlanta schools, seventeen were for white students and
five were for black students. The white schools enrolled 16,276 and the
black schools enrolled 9,802 students. The findings in Atlanta were
also similar to those in Chicago in many respects. The major determi-
nants of school pertormance were factors external to the school itself,
such as family iocome and family housing conditions. Here, as in
Chicago, there was a high negative correlation between family income and
the dropout rate.

Although the Project TALENT sample consisted of 206 high schools
with 49 variables, not all observations were complete for all schools.
Therefore, Burkhead and his associates used data such that 177 high

schools could be studied. The basic data included in TALENT consisted
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ot ten socioeconomic variables, eighteen test scores, and twenty-one
school characteristics. The schools sampled in Project TALENT came from
communities having a population between 2,500 and 25,000 and only one
public hagh schoonl.

The output used for comparison with the previous two large-city
sthool dastricts included a twelfth grade reading test score, a dropout
rate, value-added approach--difterence between twelfth and tenth grade
reading scores, and college attendance {(continuation). For inputs, the
number of books 1n the school library was used as a substitute for
library expenditures 1n the large-city studies.

They found that their model was i1neffective 1n analyzing dropouts
tor small communities, nor was 1t capable of producing satisfactory
answers concerming the continuation of high school students into
college. Therr study of the Project TALENT data did show tamily income,
teacher experience, and teacher salary to be significaut positive vari-
ables when examining the other two measures of output.

Martin T. Katzman (1971)3 performed a study in the Boston c¢ity
school districts using elementary school students from grades two
through six. Three separate areass of output were used. Each area had

two measures. The first area was cognitive ability gains and was meas-

ured farst by the difference 1n median reading scores between a specific

district's second and sixth graders, the largest range available by

R b e R

district. The second measure of cognitive ability was the median level
of math competency among fifth graders, the only group for which such
scores were available. The second area of output was previously de-

scribed in Chapter Il. It used the rate of average daily attendance and
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the rate of continuation of elementary graduates through high school as
the two measures of holding power. The third output area was titled
academic achievement. Katzman used the percent of sixth graders who
took the Latin School Exam and the percent of those sixth graders
passing the exam as the two measures of this output. Figure 12 outlines
all of the variables he used 1n his model.

Initially, Katzman pertormed six regressions, one for each output
measure of student performance, agasnst expenditures and social class,
finding 1nsignificant results an all cases. As a second approxamation,
student performance was regressed against all physical measures of
sthool anputs and social class. The coefficients tor these regressions
were consistently higher than tor the corresponding expeanditure re-
gressions. However, at most only two 1nputs were significant in the
expected directhion 1n any of the six equations.

Katzman arrived at five conclusions trom this first effort.

(1) Each output measure differed significantly from the others in
the amount of variation explained by the production function equation
when using identical independent variables.

(2) No school 1nput had a consistently significant coefficient 1n
every regression.

(3) ln every regression, teacher turnover had a negative effect on
performance, and, in all bul one, increasing enroliment had a positive
although insignificant effect on performance.

(4) There existed a positive relationship between social class and
student performance.

(5) "Either expenditures are a poor surogate for 'true’ school

resources or that resources have little or no impact on performance.
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DEPENDENT VARIABLES:
Range (second-sixth grade) of median reading scores
Fifth grade median level math competency
Rate of average daily attendance
Rate of continuation through high school
Percent of sixth graders taking Latin School Exam
Percent passing Latin School Exam

INDEPENDENT VARIABLES:

School Resources:
Current school expenditures
Instructional expenditures

School [nputs:
Percent of teachers accredited
Percent of teachers with masters degree plus
Percent of teachers with over ten years experience
Percent of students in uncrowded classrooms
Puprl-to-teacher ratio
Annual rate of teacher turnover
Number of students per school district
Age of facilities
Sociral Class and Racial Variables:
Median family income
White collar workers
Adult median school year
Number adults completing high school
Median contract rent
Percent white students
Percent population white

Figure 12. Variables Used by Martin Katzman

Katzman then proceded with a stepwise regression algorithm in an
attempt to select that subset of inputs which best predicts performance
as i1ndicated by the standard error of the estimate. Such a procedure
included those independent variables whose coefficients had a t-value
greater than or equal to some prespecified value and removed those
variables already entered whose t-value fel]l below that same value. In
his words, "the 'best' regression equations were oblained."7 The re-

sults of his best linear model are shown in Table 20. As this procedure
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a
Table 207 --Katzman, Best Linear Regression Model

b
) Pertormance Mecasure v )
Agtend Cgntin  Reading gath &.T. 5.P.
.40 R‘:.&S R°=.67 R™=.51 L

Variable K“=.13 R"=.40 - RT= R%=.138

Accredited 0.064 0.059 1.410 0.309

t-value 2.000 - 2.981 2.472

Experienced 1. 360 0.891 0.102

t-value 3,163 1.945 1.214

Masters 0.029 -0.068 -1.079 0.155%

t-value 1.036 -1.619 -2.398 1.360

Turnover -0.108 -0.074 -1.110 -1.776 -0.200 -0.241

t-value ~1.086 -1.1396 -2.018 -3.469 -1.429 ~2.231

Uncrowding 0.923 0.180

t-value 1.494 2.609

S/T ratio ~0.310

t-value =2 29¢6

Enrollment 0.004 0.015 0.004 0.004

t-value 4.000 1.071 1.000 1.333

Fac. age 0.291 -(.898

t-value 1.000 -3.151

wh. collar ~0.030 0.155 1.190 1.582 0.582 0.231
2.381

t-value S1.036 3523 2.429 3.395  4.932
"Data adapted from Katzman (1971, Table 3.8, p. 58).

bAttvnd = rate of average daily attendance; Contin = rate of continu-
ation of elementary graduates through high school, Reading = difference
1n median reading scores; Math = titth grade median math score; L.T. =
percent of sixth graders who took the Latin Test;, and L.P. = percent
who passed the Latin Exam.
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relates to attrition when measured by the continuation output, Katzman
(1971, p. 60) found that elementary school resources did have an ampact
on 4 student s continuation through high school.

. 8

tharles R. Link and Edward Ratledge (1979) did research which
would help uncover the amportance of school inputs versus home char-
actenistics as determinants of student pertformance.

The Coleman Report, originally undertaken to examine the
extent ot racial discrimination in public schools in the

United States, generated a substantial interest in the de-

terminants ot achievement . Unfortunately, the plethora of

achievement-related papers subsequent to the Coleman Report

has not produced a consensus on such crucial issues as the

importance of school 1nputs vis-a-vas home background as

determinants of student performance on standardized tests, the
importance of alternative educational outputs, or the proper
techniques ftor estimating the equation.

[Link and Ratledge, 1979, pp. 98-9]

In thear paper, laink and Ratledge examined the determinants of
reading achirevement for 9500 tourth-graders in the Wilmington, Delaware
Sthool Mistrict circa 1969-70.  Four characteristics of their study made
1t unique.  Pirst, each student’s characteristics were matched with
those of the respective teacher. Second, inte.’:gence quotient (IQ)
informat ton for each student 1n the sample was available from an 1Q test
admimistered 1n the fall of 1969. Third, a reading pretest was given to
the students at the beginming of the school year, September 1969, which
allowed the researchers to account for all i1nputs which had occurred
prior to the fourth grade. Last ot all, a questionnaire was given to
the students, also at the beginning of the tourth grade year. On the
basis of those questions, variables were created representing numerous
motivational and perceptional attributes of each of the students.

These attributes represented the main contribution of this study.

The two important variables were the student's perception of respective

YOG = < 2 A" R atr (Lot




teacher’s and parents’ expectations for that particular student. All
variables were grouped into three basic classifications: student,
teacher, and classroom characteristics. The dependent variable was the
grade equivalent score on the reading portion of the Calitornia Test
Bureau Comprehensive Tests of Basic Skills which was administered to the
students at the end of the (lass year 1n May 1970. The input for
student 1Q was based on the California Test of Mental Maturity which had
been administered to the students 1n October 1969. The seventeen vari-
ables along with the results ot the study are presented 1n Table 21.

The most notable finding of the Link and Ratledge study was the
tremendously significant contribution to a student's reading test score
by the student perceived expectations ot parents and teachers. "This
result suggests that there exist previously untapped nontraditional

teacher 1nputs which may be crucial resources in the educational

[}

process.’

The last study examined in detail was one performed by Alexander W.
Astin (l968).10 This study closes the chapter because it is one of very
tew to appear on the production of higher education and it is the only
one to have a qualitative dimensxon.ll His study utilized a sample of
669 students drawn from the freshman classes entering a stratified
national sample of 248 accredited, four-year colleges and universities
in the fall of 1961. However, to be i1ncluded in the study, each subject
had to have met four criteria:

(1) He must have been among the random samples of approximately 250
students at each college who were selected for a follow-up study con-

ducted in 1962.

{2) The institution of attendance was one of the thirty-eight in
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Table 21%--Link and Ratledge, Variables and the Coefficients
lns[gnxtxtgng Varxablcas"__ —Hiﬁ » S_&_xfxcant‘Varlables o
Variable Coefficient Variable Coefficient
Description (t-value) - Description  (t-value)
Class size 0.005 Student perceived 0.506
(0.310) teacher expectations (5.240)
Teacher education:
BS 0.121 Student prereading 0.603
{0.730) test score (13.460)
BS + 30 0.226 Student perceived 0.227
(0.880) parent expectations (3.130)
MS 0.367 Student IQ 0.035
(1.670) (8.410)
Teacher white 0.139
(1.520)
Teacher experience -0.003
(0.740)
Class at least -0.047
60% black (0.400)
Student white -0.168
(1.670)
Student male -0.022
(0.290)
Student preference
for race of teacher:
met 0.014 Constant = 0.891
(0.120) (1.120)
don't care 0.127 Adjusted mean R2 = 0.64
(1.200)
Student's father 0.228 S.E.E. = 0.8296
professional (1.130)

“Data taken from Link and Ratledge (1979, Table 1, p. 106).
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the sample which administered the area tests from the Graduate Record

Examinations (GRE) to 1ts seniors 1n 1965.

(3) The student had to be pasitively 1dentified by name among those
graduates from whom GRE scores were available.

{4) The student must have taken the National Merit Scholarship
Qual:tv.ag Test (NMSQT) while in high school, and his scores obtained
from the f1les of the National Merit Scholarship Corporation.

The tinal sample included students from thirty-eight institutions;
thirty-two of which were liberal arts colleges, five were universities
and one was a teachers college.

The variables used 1ncluded the following student inputs:

(1-6) Scores on the NMSQT - five subsets plus a composite score.

(7) Sex.

(8-16) High school grades, A, A-, through C.

(17) Size of high school class.

(18-3%) Dichotomous scores on eighteen nonacademic achievements.

(36) Father's educational level.

(37-52) Father's educational field.

(53-58) Student's highest degree planned.

(59-73) Intended field of study.

(74-103) Career choice.

School inputs were: 3

(1) Selectivity (an estimate of average academic ability of

entering students.)

(2) Per-student expenditures for educational and general purposes.

(3) Number of books in library.

(4) Number of books in library per student.
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(%) Student-taculty ratio,

(6} Perceatage of taculty with a Ph.D. degree.

(71 Total attluence--average based on school input measures two 1o

to sax above.

(R) Degree ot academic competitiveness.

(9-12) Four types of university control.

(13-18) Type of ainstitution.

(19-22) Geographic region of the United States.

(23-26) Type of college town.

(271 Undergraduate enrollment (number ot students).

(28) Percentage ot men 1n the studeatbody.

(29-34) Curricular emphasis.

(35-69) Thirty-five measures of the college environment derived

trom the Inventory of College Activities.

The output measure was the individual student's score on one of the
arca tests ot the GRE administered 1n 1965.

Astin tested two hypotheses. The first was that the academic
excellence of the undergraduate tnstitution has a positive effect on the
student's 1ntellectual achievement. Second was the extent of the
pesitaive effect of institutional quality on intellectual achievemrnt is
proportional to the student's academic ability. The first hypothesis
was concerned with the main etfects of 1nstitutional excellence on
intellectual achievement. The second dealt with the interaction effects
of 1nstitutional quality and student ability on intellectual achieve-
ment. The statistical technique used to test these hypotheses consisted
of a three-stage, stepwise, linear regression procedure. During the

first stage, the 103 student-input variables entered the equation. In

e
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the second stage, the 69 college environmental variables, 1ncluding the

' measures of anstitutiopal excellence were permitted to enter. The last

Ty v

stage permitted the two 1ateraction terms to enter the equation. Three 4

such three-stage analyses were performed, one for each ot the area tests

G eyt

of the GRE.
Astin was unable to find much support tor the hypotheses put forth.
The second stage of his three-stage analysis failed to reveal any

clear-cut pattern ot anstitutional characteristics which either fostered

or inhibited student achievement Regarding the 1ndividual student,

Astin said:

0f the student's characteristics at the time he enters
college, the most 1mportant single determinant of his level of
achievement as a college senior was his academic ability as
measured during high school. . . . Next to academic ability <
and sex, the most important predictors of undergraduate a-
chievement were the student's intended field of study and his
career choice at the time he entered college.

[Astin, 1968, p. 665-6]
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Notes to Appeadix C

1. Information for this section taken from Samuel Bowles, '"Towards
an Educational Production Function,” in W. Lee Hansen, ed , Education,
Income, and Human Capital, New York: National Bureau of Economic
Research, 1970, 50-4.

2. Ibid., 43.

3. 1lbid., 45.

4. Information for this section taken from Jesse Burkhead,
Thomas G. Fox, and John W. Holland, Input and Output in Large-City

High Schools, Syracuse: Syracuse University Press, 1967.

5. Information for this section taken from Katzman (1971).

6. Ibid., 59.

7. 1bid., 57.

8. Information for this section taken from Charles R. Link and
Edward C. Ratledge, "Student Perceptions, 1.Q. and Achievement,"
Journal of Human Resources, Winter 1979, XIV, 98-111.

9. Ibid., 109.

10. Information for this section taken from Astin (1968), 661-8.

11. Coha (1979), 188.
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APPENDIX D

MULTIPLE LINEAR REGRESSION

Multiple Linear Regression techniques are used in deriving the
maximum likelihood estimator for the models in this dissertation. The
following assumptions apply:

i. The model is specified by Y = Xp + e, where Y is output and is
an n x 1 matrix, X represents the independent inputs and is k x n, and
e is the error term and is a x 1.

ii. xi's are nonstochastic. [n addition, no exact linear re-
lationship exists between two or more of the independent variasbles.

iii. a. The error term has an expected value = O and a constant
variance for all observations.

b. The errors corresponding to different observations are
not correlated.
c¢. The error varisble is normslly distributed.

Given the sssumptions i, ii, iiia, and iiib, Gauss-Markov applies;
i.e., the estimstors are the best linear unbissed estimators, BLUE.
When iiic is added, the estimators are the maximum likelihood estimators
(MLE) as well. The MLE of 8 are the values of B which would most likely
generate the observed sample observations of Y‘.

The subjective results are based on the normal-gamma (N-I') theory
vhere B is s vector of random variables which is also & N-I mixture of
conditionally independent, identically distributed normals which are

distributed as a t-distribution with 20 degrees of freedom, Hy location
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of mean, and roly variance. The subjective view of the multiple re-
gression wodel is:

(f 81X, m~N (B, [n )" = (n)"'), end

ni X ~1 (a,y); it can be shown that

BIX, ¥, m~ N (ImX'X + v 17" [ne g+ nx'xf],

In(X'X ¢ to)]-l). and

n|{X, Y~1 (0 +n/2, y+e'e/2).
The degrees of freedom are 2a, where o coaes from the n‘ X, Y statement
and is 0 + n/2. The location of the mean is Hos wvhere po comes from
the Bl X, Y, n statement. And the variance toly comes jointly from both
of those stastements, where L is [A(X'X + t.:,))-l and Y is (y + e'e/2).
Therefore, the posterior of f ~ t (20 + n, {(R(X'X + ‘lo)]-l
lntoﬂo + nX'Xa]. (a + n/2)(X’X + to)/(y +e'e/2). The following defi-
nitions spply to the notation used:

B = coefficient values

¥ = MLE of 8

Bo = prior apinions of P

X matrix of independent input variables

n = precision (inverse of variance)

R, = prior opinion of precision = LA

ro = some constant prior opinion value

N = pormal distribution

I' = gamms distribution

Q
[1]

parasmeter value of I

-’
]

parameter value of T

-4
]

satrix of dependent output variable

n * number of observations
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t-distribution

~
H

short notatioan for (Y ~ XB).

e

Of course the item of particular interest in the posterior t-
distribution is the mean location. That is:

(rx'x ¢ x )17 (ny g+ k' xB).

For the USAFA, this will provide a k x | matrix representing the pos-
terior estimate of the coefficient values.

Because of the difficulty involved in eliciting prior opinions on
the variance/covariance matrix of the coefficient values, the weighting
procedure used in this dissertation is similar to those alternatives
described by Zellner (1971, pp. 41-53) for dealing with unknown, vague,
or otherwise diffuse prior opinions. Therefore, for purposes of the
subjective results of this dissertation, the posterior mean location of
B is weighted by n(X'X + toX'X). The posterior mean location is speci-
fied as [A(X'X + TOX’X)I-lan'XB *+ ny X'X 601. Various constant values
of 1, are specified in the posterior aggregate model for the USAFA and
the UofU,MBA model. However oanly a value of Io = .0l is used on all

other USAFA models.
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APPENDIX E'

EQUATING ACT WITH SAT

e il

Chase and Berritt undertook a study in 1961 to determine whether or
not ACT and SAT results could be compared. The study was performed
using freshmen from Indiana University. Five achievement exams; Cooper-
ative English Test: (€2, Reasoning Comprehension ((1) Level and (2)

Vocabulary); the Multiple Aptitude Test ((3) Arithmetic Reasoning and

PO . -

(4) Applied Science and Mechanics); and the Sequential Tests of Edu- i
cational Progress ((S) Writing); were administered. These five tests
f were called the anchor test. The class was then randomly divided into
V two groups. One group took the ACT, the other the SAT. The method
employed to arrive at concordant ACT-SAT scores was to parallel ACT and
SAT scores which predicted a common ancho: test score.
Specifically, SAT score Y was found to predict anchor
test score X. Next, the ACT score Z, which also predicted

4 anchor score X was identified. Then SAT Y was placed con-
: cordant with ACT 2.

{Chase & Barritt, 1966, p. 105]
A portion of the favorable results which they discovered is por-

trayed in Table 8 within Chapter IV.

y
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Notes to Appendix E

1. This sppendix is not intended to reproduce either the method-
ology or the results of the Chase-Barritt study. Jt is only provided
as an insight into the reason why ACT and SAT can be equated with each
other. Clinton I. Chase was an associate professor of education at
Indiana University, and L. Spencer Barritt was an sssistant professor
of education at the University of Michigan when their jointly authored
article appeared in The Journal of College Student Persomnnel, 1966.
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* APPENDIX F
DATA FROM USAFA
Table 22--USAFA Data
Year ~ SC  R¢ PR LD FQ FE =~ SF
(+ 1000) (% 1000) (¢ 1000) (+ 1000) (+ 10)  (+10)
1958 1.190 .678 .5550  1.6239 .1940  1.25 .57
1959 1.218 .690 .$570  1.6410 2618 1.29 .75
1960 1.209 .694 5669  1.5724 1916 1.14 .70
196 1.250 173 .5550  1.6250 .1838  1.03 .67
1962 1.267 .687 .5420  1.6056 .2062 .99 .76
1963 1.266 .620 .5558  1.6225 L2066 1.U5 .74
1964 1.277 .690 .5634  1.6365 .1961 1.03 .70
1965 1.276 627 .$737  1.7600 2426 1.04 .75
1966 1.277 . 648 .5575  1.6359 2468 1.13 .72
1967 1.280 .702 5729  1.6382 .2716  1.14 .77
v 1968 1.269 702 5661  1.6322 .3084 1.29 .72
1969 1.26) .73 5677 1.5958 3142 1.28 .72
1970 1.238 671 .5353  1.5956 2593 1.24 .72
1971 1.243 103 5511  1.6163 .2765  1.30 74
1972 1.266 IR 5538  1.6141 2875  1.24 .72
1973 1.238 715 .5562  1.5944 L2795 1.21 .68
1974 1.235 .738 .5591  1.6084 .2896  1.19 .69
1975 1.209 .820 .5285 1.5767 2811 1.1 .78
1976 1.197 .720 5606 1.5728 293 1.09 .82
1977 1.208 .760 .5608  1.5883 2949  1.15 .82
1978 1.212 .730 5317 1.5913 J32717 119 .86
1979 1.260 .710 .5322  1.5885 .3181 1.10 .82
1980 1.219 .770 5400  1.6094 2924 1.07 17
1981 1.213 . 750 .5288  1.6081 13352 1.14 .83
e 1982 1.216 .810 .5303  1.6174 L3376 1.16 .83
5 1983 1.215 . 120 5342 1.6212 3105 1.16 .82
Statistics
Mean 1.2373 .7150 .5491  1.6151 .2687 1.154 . 749
o, .0277 . 0484 .0136 .0359 .0478 .090 .064
a .0008 .0023 .0002 .0013 .0023 .008 .004
Median 1.2380 7125 .5524 1.6118 .2803  1.145 . 745

Range .0900 .2000 L0452 .1876 .1538 .310 .290
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Table 23--USAFA Ns® ;
Year Freshman Sophomore Junior Senior Aggregste
: 1958 .285
1959 436 .256
1960 668 .366 .239
1961 .693 .582 .323 221 1.819
1 1962 .765 .588 .542 .305 2.200
1963 133 675 .555 512 2.475
1964 .763 615 .621 .520 2.519
1965 .929 .653 .566 .570 2.7118
, 1966 1.004 .770 .558 .480 2.812
1967 1.019 .852 716 .537 3.124
1968 1.017 .874 156 .620 3.267
1969 1.186 .845 .789 .691 3.511
1970 1.383 .962 .738 156 3.839
1971 1.414 1.131 .848 713 4.106
1972 1.247 1.069 .960 774 4.050
1973 1.359 .958 .89] .851 «.059
1974 1.298 1.095 .829 .825 4.047
1975 1.514 1.106 1.009 .170 4.399
1976 1.343 1.227 .945 .935 4.450
1977 1.503 1.077 1.045 .876 4.501
1978 1.446 1.227 .960 .994 4.627
1979 1.389 1.156 1.007 .911 4.463
1980 1.392 1.124 1.014 .921 4.451
o 1981 1.493 1.168 .958 .901 4.520
1982 1.3717 1.257 1.039 .869 4.542
1983 1.370 1.097 1.097 .966 4.530
Statistics
Hean 1.1164 19092 7919 L7182 3.6969
o .3557 .2799 .2352 .2134 .8872
o 11265 L0784 L0553 L0455 L7871
; Median 1.2725 .9620 .8385 .7100 4.0500
; Range 1.2290 1.0010 .8580 .7730 2.8080

£ .Adju-led number enrolled in thousands.
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Table 24-~USAFA "d

Year Freshman Sophomore Junior Senior Aggregate
1958 29

2959 70 1?7
1960 86 43 18
1961 105 40 18 4 167
1962 90 33 30 7 160
1963 118 564 35 13 220
1964 110 49 51 21 231
1965 159 95 86 53 393
1966 152 54 21 10 237
1967 145 96 96 13 350
1968 172 85 65 7 329
1969 224 107 33 8 372
1970 252 114 25 11 402
1971 345 171 74 21 611
1972 289 178 109 20 596
1973 264 129 66 7 466
1974 192 86 59 12 349
1975 287 161 74 14 536
1976 266 182 69 7 524
1977 276 117 51 9 453
1978 290 220 49 13 572
1979 265 142 86 1l 504
1980 224 166 113 22 525
1981 236 129 89 25 479
1982 280 160 13 27 540
1983 291 7 35 10 453
Statistics B
Mean 200.7 109.8 59.4 15.0 4117

o, 86.2 54.5 28.6 10.4 137.5

o 7433.4 2971.5 818.7 109.1 18904 .6
Median 224.0 114.0 62.0 12.0 453.0
Range 316.0 203.0 95.0 49.0 451.0
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APPENDIX G

ON SERIAL CORRELATION

The prucedure uaed to adjust the ordinary least-squares regression
procedure to obtain efficient parameter estimates involves the use of
generalized differencing. Such a procedure alters the linear model into
one where the errors are independent. The development of the model as
shown by equation [27) (see text Chapter IV) would be a simple matter if
the value of p were known with certainty. Because p is not usually
known a priori, three alternative procedures for estimating p have been
developed, each having certain computational advantages and disad-
vantages. They are (1) The Cochrane-Orcutt procedure,1 (2) the
Hildreth-Lu procedure,2 snd (3) The Durbin procedute.3

The Hildreth-Lu procedure wes used in this study and consists of
specifying a set of grid values for p much like simulation. For each
of the estimated p-vslues, the transformed equation was estimated. The
equation with the smallest sum of squared residuals was selected as the
best equation. Appeadix H shows the grid value selected for each

equation estimate as well as the results of all statistical procedures

which were applied.

L 3 )
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Notes to Appendix G

1. For a complete description of the Cochrane-Orcutt procedure,
see D. Cochrane and G. H. Orcutt, "Application of Least Squares Re-
gressions to Relationships Containing Autocorrelated Error Terms,
Journal of the American Statistical Association, 1949, 44, 32-61.

2. For a complete description of the Hildreth-Lu procedure, see G.

Hildreth and J. Y. Lu, "Demand Relations with Autocorrelated Dis-
turbances,” Michigan State University Agriculture Experiment Statfon,
Technical Bulletin 276, November 1960.

3. For a complete description of the Durbin procedure, see J.
Durbin, "Estimation of Parameters in Time-Series Regression Models,"
Jounal of the Royal Statistical Society, ser. B, 22, 1060, 139-53. For
a more brief treatise on all three of these procedures, see Piandyck and
Rubinfeld (1981) 157-8.
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APPENDIX H

MODEL RESULTS

Table 25~-Classical USAFA Freshman Model

Input Coefficient Stepwise Finish®
. Variable (SE) o (SE) (SE)
NS (+ 1000) 268.7° 223.6 751.3°
(33) (15.6) (33)
) SC (+ 1000) -162.92
' (264)
RS (: 1000) -70.14
(127)
PN (: 1000) -662.1°
(681)
L (+ 1000) 184.74°
(213)
FQ (decimal) -399.602°
(302.7)
FE (+ 10) 229.3¢" 150.1 3
(87) (61.5) |
SF (+ 10) 110.22 i’
(1464)
ADJ R 1919 898 992
SEE 28.916 27.54 4
E ."-!;
F-Value 182.03 111.00 123.49 g
SSRESID 15050. 11 174644 .98 3

Durbin-Watson: 1.926

form: Yt = zxitai te, i=11to08,t 1958 to 1983,

;Stctiltically significant at .95 level.

Statistically significant at .60 level.
Result of N‘ equation.




Table 26-~-Classical USAFA Sophomore Model
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Input Coefficient Stepwise Finish®
Variasble (SE) (SE) (SE)
NS (¢ 1000) 198.21* 171.77 801.79°
(42) (19.13) (62)
SC (+ 1000) -188.49
(232)
RS (+ 1000) -138.26°
(119)
PH (+ 1000) 449.37
(525)
LD (+ 1000) -144 .04
(192)
FQ (decimal) -362.865°¢
(252.8)
FE (¢ 10) 149 459
(13)
SF (+ 10) 230.80°
(141)
ADJ R? .899 .768 .995
SEE 26.19 26.23
F~Value 126.26 80.62 415.88
SSRESID 10974 .66 15830.05

Durbin-Watson: 2.594
form: (Y‘ - le_l) = I(Xtt - pxi‘_l)li + e

i®1l1to8, t =195 to 1983, p= -. 4!

sStatistically significant at .95 level.
Statistically significant at .60 level.
Statistically significant at .80 level.
Statistically significant at .90 level.
Result of Nf equation.

abLnoe
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Table 27~-Clacsical USAFA Junior Model
Input Coefficient Stepwise Finish
Variable ~~ ~~ (SE) ____(SE) (SE)
NS (+ 1000) 128.95"° 116.70 871.05"
(57) (22) (57)
SC (+ 1000) 265.45°
(257)
RS (¢ 1000) -270.45" -371.46
(123) (106)
PH (¢ 1000) -298.0%
(527)
LD (+ 1000) 124.02
(174)
FQ (decimal) 146 .24
(303.9)
FE (+ 10) -165.41° -85.91)
(103) (52)
SF (¢ 10) -90.32
(148)
ADJ R? 559 528 .990
SEE 21.862 19.665
F-Value 21.47 9.56 210.63
SSRESID 7168.49 7733.87
Durbin-Watson: 1.584
form: (Yt - th.l) z Z(Xit - pxit-l)si + e

i=1to8, t=1960 to 1983, p = -.08¢

bSlctisticaIly significant at .95 level.

Statistically significant at .60 level.
Statistically significant at .80 level.

esults of Nf equation.

- )
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;i Table 28--Classical USAFA Senior Model
) i Input Coefficient Stepwise Finilhd
. Variable ~_ _(s§) ~____~  (S€) ~_ ______(SE)
NS (¢ 1000) -17.91 1017.91°
(33) (33)
1 SC (3 1000} 298.01° 311.99
(101) (95.9)
RS (¢ 1000) 71.33° 52.92
i (78) (45.9)
. PH (: 1000) -356.47" -451.38
(273) (176.9)
)
LD (¢ 1000) -67.57
(98)
FQ (decimal) 139.414
(179.3)
FE (¢ 10) -76.06° -58.54
(47) (25.4)
SF (+ 10) -51.57
(78)
ADJ ©2 4bd 311 .998
SEE 9.72 8.67

& F-Value 9.834 3.482 1590.79
; SSRESID 1322.67 1352.92

Durbin-Watson: 2.136

form: (Y

v T PV T A - PK )IB Y ey,

i=1¢to8, t= 1961 to 1983, p = ~.1!

b il b i s i+

;Statiaticully significant at .95 level.
cStntintically significant at .60 level.
Statistically significant at .80 level.
Results of Nf equation.
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Table 29--Classical USAFA Aggregate Model
Input Coefficient Stepwise Finish®
Variable o (SE) (SE) (SE)
NS (+ 1000) 214.55" 155.7 785.44°
(43) (21.1) (43) J
SC (+ 1000) 2172.72°
(2020)
RS (¢ 1000) -1220.64° -646.9 n
(607) (526.6)
PH (+ 1000) -2689.02°
(2443)
LD (¢ 1000) -649.77
(1303)
FQ (decimal) -1204. 2899
(8641.2) :
FE (+ 10) 173.91 ;
(295)
b i
SF (+ 10) 592.85 i
(667)
ADJ R% .885 .786 .996
SEE 63.764 63.64
F-Value 191.469 41.343 547.578
SSRESID 56921.19 81003.91

Durbin-Watson: 2.373

form: (Y, - pY,_,) = I(X,, -

t

Phie-1)By * e

1=1to8, t=1961 to 1983, p = -.22!

bStotiuticolly significant at

Statistically significant at
Statisticslly significant at
Statistically significant at
Results of l‘ equation.

d

.95 level.
.60 level.
.90 level.
.80 level.
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Table 30--Prior Opinions of USAFA Models
Input Freshman Sophomore Jupior Senior Aggregate
R Drop (N,) Drop (N,) Drop (N,) Drop (N,) Drop (N))

Variable Coefficignt Coefficignt Coefficignt Coefficiént Coefficiént

NS -96.12 36.52 10.35 - 69.62 598.94

SC -1266.6 -1521.68 763.63 724 .04 -1579.23

RS 3041.27 1868 -857.64 -803.66 1200.23

PH -68.9 -163.87 190.1 39.62 -483.47

LD -141.55 303.62 -203.71 -159.86 481.8

FQ 0 0 0 0 0

FE -75.81 194.98 -41.79 -84.55 96.13

SF 0 0 0 0 0

%A1l variables have the same decimal place as the classical models.
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Table 32%--Alternative Posterior Models
Reflecting Belief in Priors
Vall'ti“a):;c' rozor 1 =5 ro=ld 1,52 1 =
NS 2146 327 4068 470.8  598.9
S¢ 21727 922.1 296.8 -328.6 -1579.2
RS -1220.6 413.7 -10.2 393.3 1200.2
PH -2689.0 -1953.8 -1586.3 -1218.7 -483.5
LD ~649 .8 -272.6 -84.0 104.6 481.8
FQ -1204.3 -802.9 -602.2 -401.4 0
FE 173.9 148.0 135.0 122.0 96.1
SF 592.9 395.2 296.5 197.6 0

This table presents posterior coefficient values for the aggregate
USAFA model when different 1 values are specified. [t demonstrates
that 1, represents the degreg of belief in the prior opinions.

bDecinal place remains the same as it was for classical results.

“These results are identical to the MLE coefficients found in Table 31.
dSpecifyxng a Y =1 15 equivalent to specifying a posterior which is a
simple linear average between the MLE coefficient values and the prior

opinion coefficient values.

“These results are identical to the prior opinion coefficients found in
Table 33.

!
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APPENDIX 1

ON HYPOTHESIS TESTING

Leamer (1978, p. 89) indicates that the significant difference
between classical hypothesis testing and the subjective view of the same
subject is one of signi icance. In classical hypothesis testing, a
fixed level of significance is concluded as being an acceptable method
of summarizing the evidence 1n favor of or against the hypothesis.
Pindyck and Rubinfeld (1981, p. 39) snnounce that this level 1s "usually
1 or 5 percent.” In the subjective view, meaningful hypothesis testing
requires the signficance level to be a decreasing function of sample
s1ze. A small demonstration on this power of the function 1llustrates.

Assume HO: S = S0

1]

S, are the hypotheses being tested. Figure 13

and H]: S )

represents the possible choices for the researcher. [n hypothesis
testing, one wishes to conclude that Sl is true and in fact have it to

be true.

State of Nature

So 5
1 -a g or
So
Researcher correct Type 11
_.Chooses @ or 1 -8
5
Type 1 correct

Figure 13. Researcher Choices Available and the Respective Errors
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Therefore, 1 - B represents the power of the function. The greater the
power function, the better the decision rule, hence a large 1 - B is
more desirable than a smaller one; i.e., a smaller § value is more

desirable than a larger P value.

There are two ways in which this power of the function can be

enlarged. Because of the relationship between o and $, ocne can accept a

larger a0 and thus decrease B, the net effect being an increase in 1 - B,
the power of the function. The second method is that of increasing the
sample size. The closer the sample comes to representing the universe,
the more likely oae is to choose Sl as ‘the real state of nature when in
fact it 1s true, | - B approaches 1.

The bottom line is that researchers should not get caught-up in
always selecting 0 = .05 or a = .01. In fact, one should not always be
content to select a low level of significance and therefore a low pro-
bability of a Type I error. Meaningful hypothesis testing requires the
significance level to be a decreasing function of the sample size.

Because the sample size in the two sets of data studies herein are
relatively small when compared to the university world universe, the
significance level (0) can be quite large. That is the reason Appendix

B presents a-levels as high as 0.40.

e
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